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NUTRITION AND HEALTH* 


The history of the people of the world 
could perhaps be written in terms of diet, 
as H. Zinsser (‘‘Rats, Lice and History,” 
Litile, Brown & Company, Boston (1935)) 
has done in terms of epidemics. Initiative, 
progress, success, and the happiness of a 
people tend to go hand in hand with an 
abundance of food and a good diet. 

Adequate and good food is fundamental 
to health. The most fertile field in the 
world of medical research today is nutrition. 
Nutritional, especially vitamin, deficiency 
leads to ill health and distinctive diseases. 
Niacin, for instance, prevents pellagra, but 
mild deficiency of various vitamins may lead 
to chronic malnutrition, although the patient 
may take a sufficient number of calories not 
to Jose weight. Nutritional studies regard- 
ing the lack of food elements, the faulty 
distribution of food, and the great value of 
proper food for children must in the future 
be a primary concern. 

It is possible that more vitamins will be 
identified. Little is known regarding the 
taste appeal of foods, and information of 
this sort lies ahead. I wonder why some 
people really like liver and others dislike it. 
Others object to kidneys or oysters, whereas 
some think they are delicious. 

The composition of foods should be 
known. Such studies may relate to enzymes 
and their mechanisms, which are’ not fa- 
miliar subjects at present. Much lactose 
in the diet may increase the synthesis of 
riboflavin, but it may decrease that of other 
factors. Fat may reduce the production of 
riboflavin in the gastrointestinal tract. 
Natural diets may give effects distinctly 


*From the Thorndike Memorial Laboratory and 
the Second and Fourth Medical Services (Harvard), 
Boston City Hospital and the Department of 
Medicine, Harvard Medical School, Boston, Massa- 
chusetts. 


different from those of synthetic diets, but 
it is the natural diet that man uses. The 
world is full of food potentialities, and the 
anticipated demands for foods of superior 
nutritive quality need re-evaluation. 

An adequate dietary history is difficult 
to obtain, and yet it reveals a great deal 
about the nutrition of the patient. In the 
future, customs may change as they have 
in the past hundred years—fresh fruit is 
vastly more abundant today, and red meat 
is rarer. Greater attention should be paid 
to dietary histories and to the importance 
of the effects of foods. One cannot feed by 
pure chemistry—the diet may be varied and 
yet deficient. A patient may be ashamed 
to admit that his diet is poor. This may be 
due to eccentricity, lack of teeth, or igno- 
rance, and the role that such difficulties play 
must be appreciated. 

One must distinguish between what the 
community has to eat and what the indi- 
vidual has. The patient may be a fussy, 
finicky eater and may say about certain 
foods if the question is brought up, ‘‘The 
family have them but I do not eat them.” 
Indeed, social adjustments may be vital 
before the correct food has been obtained or 
digested. It should be remembered that to 
order a diet is one thing but to cure a patient 
is another. A proper diet of natural food- 
stuffs is all that is necessary for prevention 
of most diseases caused by faulty nutrition. 

It must also be realized that little is known 
about optimal nutrition as opposed to usual 
nutrition. The former should be the goal— 
not merely adequate nutrition. 

Rising income is associated with increased 
consumption of milk, fruit, eggs, vegetables, 
and meat and with better growth in children 
and improved general health. Such foods 


are the protective foods—the ones rich in 
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vitamins, minerals, and first-class proteins. 
These foods are not luxuries but necessities. 

C. A. Elvehjem (Nutrition Reviews 4, 1 
(1946)) has noted that diets containing 9 
per cent of casein produce good growth but 
that when 6 per cent gelatin is added, poor 
growth results. Tryptophane or protein 
high in tryptophane or niacin counteracts 
this retardation. Thus, poor quality pro- 
teins may be regarded as more harmful than 
a diet low in protein. 

The methods used in the diagnosis of 
subclinical deficiencies in human _ beings 
obviously need new and improved chemical 
measurements. Mild deficiencies are not 
obvious, and may be difficult to detect. 
Tests of various kinds will be improved and 
developed to aid in the understanding of 
such conditions. Hyperthyroidism, tuber- 
culosis, pregnancy, and the like may increase 
the need for certain dietary factors and may 
lead to suboptimal nutrition. 

The relation of nutrition to dental caries 
needs much study. Dental caries is the 
most widespread nutritional defect; one or 
more nutritional factors involved may be 
harmful, or the lack of a factor or factors 
may be causative. Diets high in ferment- 
able sugar may induce dental caries, and 
increased intakes of fat and protein minimize 
dental caries. The relation of nutrition to 
resistance to disease and to infectious proc- 
esses also needs further study. 
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The essential trace elements, such as 
cobalt and zinc, that occur in living matter 
but whose importance is unknown in human 
nutrition stand as a challenge to physiolo- 
gists and nutritionists. It is recognized, 
however, that men working in cobalt (radio- 
active) and pitchblend mines frequently 
develop bronchiogenic carcinoma. 

C. P. Rhoads and D. K. Miller (J. Exp. 
Med. 67, 273 (1938)) have shown that indole 
causes no anemia in dogs with proper diets 
but induces severe anemia when the animals 
are given “blacktongue diets.’’ Butter yel- 
low is tolerated by normal animals, but if 
the vitamin B-complex level is low, cancer 
develops. Rhoads has also shown that 
dietary constituents such as riboflavin and 
casein protect animals against the carcin- 
ogenic effects of butter yellow (p-dimethyl- 
aminoazobenzene). 

Nutritional deficiency in man is generally 
of a multiple nature and plays an important 
role in many disease conditions. The needs 
of the patient urge the physician to con- 
tinue in making his scientific inquiries. 
Research as concerns problems of nutrition 
is a costly undertaking, as classically ex- 
emplified in the clinical investigation of 
many aspects of nutrition, but it is none- 
theless well worth while when considered in 
terms of better health for man. 

GrorGE R. Minor 
Harvard Medical School 
Boston 


PRESENT KNOWLEDGE OF FLUORINE IN NUTRITION 


Fluorine is of special interest to nutrition 
workers at the present time for at least three 
reasons: (1) the pathologic changes which 
are associated with the ingestion of exces- 
sive fluorides during tooth development, (2) 
the widespread interest in the effect of 
natural water supplies containing fluorides 
on the incidence and severity of dental 
caries, and (3) the addition of fluorides to 


water supplies as a practical means for the 
reduction of dental caries. E 
Bones and teeth, especially those of fossil 
origin, contain the highest amounts of fluo- 
rides in physiologic material. They are 
present in small amounts in all foods and 
most mineral waters. The fluoride content 
of cow’s milk and human milk has been r 
ported to be 0.1 to 0.2 mg. per 100 g. j 


i? 

| 

it 

| 

| 


mber 


as 
itter 
man 
iolo- 
ized, 
vdio- 
ntly 


Exp. 
idole 
diets 
mals 
 yel- 
ut if 
uncer 

that 
and 
\rein- 
t hyl- 


rally 
rtant 
needs 

con- 
liries. 
rition 
y ex- 
m of 
none- 


red in 


ool 


or the 


fossil 
fluo- 
y are 
Is and 
ontent, 
en 


e- 


1947] NUTRITION REVIEWS 323 


Gautier and P. Clausmann, Compt. rend. 
157, 94 (1913)). The fluoride content of 
milk is unaffected by ingestion of fluorides 
while that of eggs increases with an increase 
in fluoride ingestion (E. B. Hart and C. A. 


Elvehjem, Ann. Rev. Biochem. 6, 271 (1936). 


Chronic endemic dental fluorosis (mottled 
enamel) was demonstrated by F. 8. McKay 
in collaboration with G. V. Black (Dental 
Cosmos 58, 477 (1916)), to be a result of the 
ingestion during tooth development of some 
agent contained in communal water sup- 
plies. In 1931 three separate laboratories 
published evidence indicating that fluorides 
were responsible for mottling of the enamel 
(H. V. Churchill, Ind. Eng. Chem. 23, 996 
(1931); M. C. Smith, E. M. Lantz, and H. 
V. Smith, Science 74, 244 (1931); H. Velu, 
Compt. rend. Soc. de biol. 108, 750 (1931)). 
Instead of the normal, lustrous, translucent 
appearance, the enamel of teeth developed 
during a period of excessive fluoride inges- 
tion has dull, chalky, white blotches distrib- 
uted irregularly over the surface. In 
some cases the whole enamel surface may 
have a white, unglazed appearance, while 
in more severe examples a discrete or con- 
fluent pitting of the enamel is common. 
These mottled areas are immediately visible 
on the enamel surface when the teeth erupt. 
The mottled regions frequently become 
stained a characteristic brown which in- 
creases in darkness and severity with age. 
Microscopic studies of mottled enamel indi- 
cate that there has been a hypoplasia of the 
enamel and dentin with a failure in the 
development of the interprismatic cement- 
ing substance of the enamel. Pitting of the 
enamel results from fracture of the exposed 
ends of enamel prisms. 

Fluorides contributing 1 part per million 
of fluorine to the water are not considered of 
public health significance (H. T. Dean and 
E. Elvove, Pub. Health Reports 52, 1249 
(1937)). At 1 p.p.m. of fluorine in the 
water, about 10 per cent of the children will 
have what investigators have chosen to 


classify as very mild dental fluorosis (H. T. 
Dean, ‘Fluorine and Dental Health,” p. 23, 
American Association for the Advancement 
of Science, Washington, D. C. (1942)). 
These are grades of dental fluorosis which 
are of no significance from an esthetic stand- 
point. However, as the fluorine concen- 
tration increases, particularly beyond 2.5 
p-p.m., the incidence and severity of the 
lesions increase until at levels of 10 to 20 
p.p.m. almost all individuals who grew up in 
the district have severe dental fluorosis. In 
all communities where the fluorine content 
of the drinking water supply is much in ex- 
cess of 1 p.p.m., the severity of dental fluoro- 
sis makes necessary the adequate dilution of 
the high fluoride waters to reduce the fluoride 
content to a nontoxic level (H. T. Dean and 
F. 8S. McKay, Am. J. Pub. Health 29, 590 
(1939); M.S. Nichols, Ibid. 29, 991 (1939)). 

Chronic fluoride poisoning may also occur 
through the industrial exposure to fumes 
containing fluorides as in the use of cryolite 
in the production of aluminum (K. Roholm, 
“Fluorine Intoxication,” H. K. Lewis & Co., 
Ltd., London (1937)). Gastric, intestinal, 
cardiac, and respiratory disturbances were 
prominent but osteosclerosis was the most 
critical sign, eventually involving the entire 
skeletal system. Another possible source 
of fluoride poisoning is the use of fluorine- 
containing insecticides in spraying fruits 
and vegetables. A legal tolerance of spray 
residues of 7 p.p.m. has been adopted in 
marketable apples and pears. 

Bones and teeth normally contain some 
fluorides but there is a great increase in the 
amount in bones during high fluoride in- 
gestion and a great increase in the teeth 
which are developing during the period of 
high fluoride ingestion (Nutrition Reviews 1, 
110 (1943)). During periods of low fluoride 
ingestion little fluorine is retained in the 
body. F. J. MeClure (Am. J. Dis. Child. 
66, 362 (1943)) estimated that the average 
consumption of drinking water in a tem_ 
perate climate is 1200 to 1600 ml. daily. 
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Thus the daily fluorine ingestion in a region 
where the drinking water contained 1 p.p.m. 
of fluorine would be 1.2 to1.6mg. McClure 
calculated that the normal mixed diet pro- 
vided in addition 0.3 to 0.5 mg. of fluorine 
per day. F. J. McClure and C. A. Kinser 
(Pub. Health Reports 59, 1575 (1944)) made 
a survey of the fluorine content of urine 
from high school boys and from yourg se- 
lectees of the United States Armed Forces, 
with particular reference to the fluorine 
concentration of the drinking water con- 
sumed by these subjects. Under the cir- 
cumstance of this study, the urinary fluorine 
data strongly suggest that fluorine in 
drinking water up to concentrations of 4 to 
5 p.p.m. can be largely eliminated through 
the kidneys. The average fluorine con- 
centration in the urine of boys, aged 12 to 
17 years, increased from 0.2 to 0.65 p.p.m. 
when the fluorine concentration of the 
drinking water was increased from 0.1 to 
1.0 p.p.m. (F. J. McClure, “Dental Caries 
and Fluorine,” p. 74, American Association 
for the Advancement of Science, Washington, 
D. C. (1946)). The excretion of fluorides in 
sweat has been studied in 5 young men by 
F. J. McClure, H. H. Mitchell, T. 8. Hamil- 
ton, and C. A. Kinser (J. Indust. Hyg. 
Toxicol. 27, 159 (1945)). During the 
periods when up to 3.0 mg. of fluorides were 
being ingested daily, analyses of sweat 
showed from 0.5 to 1.8 p.p.m. of fluorine. 
Sweat collected during the week after ter- 
minating fluoride ingestion varied from 0.4 to 
0.6 p.p.m. and after two weeks, analyzed 
0.2 to 0.3 p.p.m. Thus the body has rea- 
sonably high ability to excrete fluorides 
through the urine and sweat glands up to 
3.0 to 4.0 mg. daily. 

In communities where the fluorine content 
of the drinking water is 1 p.p.m. or greater, 
there is a low incidence of dental caries in 
the children who have resided in those com- 
munities during the period of tooth de- 
velopment (Nutrition Reviews 1, 182 (1943); 
3, 115 (1945)). One of the best surveys in 
regions where the drinking water contained 
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fluorides was the one conducted by H. T. 
Dean, P. Jay, F. A. Arnold, and E. Elvove 
(Pub. Health Reports 56, 761 (1941)) and 
by H. T. Dean, F. A. Arnold, and E. Elvove 
(Ibid. 57, 1155 (1942)). Groups of children 
in twenty-one cities in four states were 
surveyed with reference to their dental 
caries experience and their oral Lacto- 
bacilli counts. These cities were chosen for 
the varying fluoride content of the drinking 
water and for the variation in other con- 
stituents as well. The public water supplies 
were obtained from Lake Michigan, the 
Mississippi, Ohio, and Arkansas Rivers, 
from deep wells, and in one case from melted 
snow water. To obtain comparable groups 
of children in the various communities, 
strict precautions were taken to insure a 
comparable basis of age, sex, color, exposure 
to risk, and continuous use of the water 
supply. Careful clinical examinations were 
made of 7257 selected, white, schoolchildren 
aged 12 to 14 years. In this survey strik- 
ingly low dental caries experience was found 
to be associated with the continuous use of 
domestic waters whose fluoride content was 
as low as :bout 1 p.p.m. The highest 
dental caries experience observed was at 
Michigan City, Indiana where the number of 
decayed, missing, and filled (DMF) teeth 
was 1037 per 100 children and where the 
fluorine content of the public water supply 
was 0.1 p.p.m. In contrast, the children 
of Galesburg, Illinois where the fluorine 
content was 1.9 p.p.m. had a dental caries 
experience of 236 DMF teeth per 100 chil- 
dren. The average dental caries experience 
per 100 children in the eleven cities where 
the drinking water contained less than 0.5 
p-p.m. of fluorine was 744 DMF teeth. 
Comparable figures for the children in the 
three cities where the fluorine content was 
between 0.5 and 0.9 p.p.m., in the four cities 
where the fluorine content was 1.0 to 1.4, 
and in the three cities where the fluorine 
content of the drinking water was over 1.4 
p-p.m. were 400, 291, and 245 DMF teeth, 
respectively. The reduction in dental caries 
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experience was greatest in the anterior teeth 
and least in the molars. The reductions in 
dental caries experience were actually greater 
than the above DMF figures indicate as the 
size of the individual lesions is smaller in 
the districts where the drinking water con- 
tains fluorides of natural origin. The oral 
Lactobacilli counts were reduced roughly in 
proportion to the reduction in dental caries 
experience. 

C. F. Deatherage (J. Dental Research 22, 
129, 173 (1948)) has collected data on the 
comparison of the dental caries incidence 
in subjects who have lived continuously in 
fluoride areas with those who moved to 
fluoride areas at about 8 years of age and 
with those who moved away from fluoride 
regions at 8 years of age. The dental caries 
experience of the latter two groups was 
somewhat lower than the caries experience 
of subjects who had lived continuously in 
fluoride-free areas but was considerably 
higher than those who had lived continuously 
in fluoride areas. 

W. D. Armstrong and P. J. Brekhus (J. 
Biol. Chem. 120, 677 (1937)) determined the 
calcium, phosphorus, magnesium, and car- 
bonate contents of the intact enamel from 
sound and from carious teeth but found no 
suggestion of a difference in composition. 
However, the above investigators (J. Dental 
Research 16, 309 (1937)) observed a sig- 
nificantly higher fluorine content in the 
enamel from sound teeth than in the enamel 
from carious teeth and a slightly higher 
fluorine content in the dentin from sound 
teeth than in the dentin from carious teeth. 
None of the teeth in this survey was ob- 
viously mottled. In a later study the same 
investigators (Ibid. 17, 393 (1938)) found 
that the fluorine content of the enamel and 
dentin of mottled teeth was about two to 
three times as high as respective samples 
from the sound teeth in the previous ex- 
periment. In all cases of mottled, non- 
mottled, sound, and carious teeth the 
fluorine content of the dentin is higher than 


the fluorine content of the enamel of the 
same teeth. 

When solutions of sodium fluoride are 
topically applied to the teeth, substantial 
reductions in the incidence of tooth decay 
have been reported by several investigators 
(Nutrition Reviews 2, 149 (1944); 4, 1465 
(1946)). Two investigations have yielded 
negative results (Ibid. 4, 227 (1946)). In 
both of the latter experiments only one 
application of sodium fluoride solution was 
used whereas in the former experiments 
several successive applications were made 
at intervals. A review of the effects of 
topical applications of various fluoride 
solutions has been presented by B. G. Bibby 
(“Dental Caries and Fluorine,” p. 93, Amer- 
ican Association for the Advancement of 
Science, Washington, D. C. (1946)). 

Studies on the effect of fluorides on the 
inhibition of dental caries in experimental 
animals have been well reviewed by H. C. 
Hodge and R. F. Sognnaes (‘‘Dental Caries 
and Fluorine,” p. 53, American Association 
for the Advancement of Science, Washington, 
D. C. (1946)). They concluded that there 
was a notably higher reduction in the in- 
cidence of experimental carious lesions by 
the continuous administration of fluorides 
during the whole experimental period than 
when fluorides were ingested only during tooth 
development. They drew attention to the 
much greater amounts of fluorides required 
to prevent carious lesions in experimental 
animals than the amounts of fluorides avail- 
able in drinking waters and raised the ques- 
tion of whether the inhibitory effect is in 
somre measure dependent on the accessi- 
bility of the point of attack of caries to 
fluorides. 

The difficulties in the treatment of a 
disease through a water-borne agent have 
been discussed in relation to the difficulty 
in controlling the amount of the therapeutic 
agent consumed and the wastefulness of 
such a procedure when only a small portion 
of the treated water is ingested (A. Wolman, 
“Dental Caries and Fluorine,” p. 108, A mer- 
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ican Association for the Advancement of 
Science, Washington, D. C. (1946)). The 
treatment cost of increasing the fluorine 
content from 0.0 to 1.0 p.p.m. has been 
estimated to be about 7.5 cents per person 
per year (R. J. Faust, Am. J. Pub. Health 
34, 144 (1944)). 

The actual increase in the fluorine content 
of public water supplies to 1 p.p.m. has been 
begun in Newburgh (N. Y.), Brantford 
(Ont.), Grand Rapids (Mich.), Midland 
(Mich.), and Sheboygan (Wis.) (H. T. Dean, 
“Dental Caries and Fluorine,” p. 5, Ameri- 
can Association for the Advancement of 
Science, Washington, D. C. (1946)). These 
surveys will provide during the next decade 
or two the actual fundamental answers to 
the many questions which are now current 
about the effects of artificially added fluorides 
on the dental caries experience and on the 
general bone development and health of the 
children in these districts. Such surveys 
are the only known methods of determining 
the possible beneficial and toxic effects of 
fluoride additions to any water supply. 

At this stage in fluorine investigations, 
dental research is somewhat hampered by 
certain shortcomings in nutritional knowl- 
edge. For example, what is the average 
and what is the range in the amount of water 
consumed by children and adults in relation 
to weather conditions and activity? Again, 
rather little is known of the possible fluo- 
rine requirement of experimental animals. 
What is the variation among animals in the 
minimum amounts of fluorides required to 
produce mottled enamel? If it should be 


PROTEIN-SPARING ACTION 


Interest in the sulfur amino acids, me- 
thionine and cystine, continues unabated. 
Noteworthy studies on the metabolism of 
methionine have clarified some phase of its 
role in the animal organism but have also 
brought to the fore many new unsolved 
problems. The wide distribution of the 
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that the artificial addition of fluorides to 
drinking water supplies results in appreciable 
decreases in the dental caries experience, 
fundamental answers will be needed for the 
above questions. For example, it may be 
that some inverse relation between the 
fluoride content with outdoor temperature 
might be desirable so that a more nearly 
constant fluoride intake would be provided. 
Would it be possible in this way to reduce 
further the mild evidences of fluorosis noted 
in about 10 per cent of children in com- 
munities where the drinking water contains 
1.0 p.p.m. of fluorine? 

On the other hand, there seem to be some 
particularly important omissions from the 
dental survey standpoint. The fact that 
there has been no adequate survey published 
on the dental caries experience of popu- 
lation groups older than the 12 to 14 year 
olds seems especially serious. The lack of 
fundamental experiments to search for 
other elements or compounds of lesser 
toxicity but similar activity toward dental 
caries and the lack of more complete water 
analyses in fluoride districts are deficiencies 
which could profitably be rectified in the 
period while the artificial fluorination sur- 
veys are being conducted. 

Large population groups in rural com- 
munities with private water supplies cannot 
be treated as readily nor as accurately 
through fluorination of the drinking water. 
Such individuals possibly can be best reached 
through topical application procedures if 
it is demonstrated that such methods can 
be used effectively in preventive dentistry. 


OF SULFUR AMINO ACIDS 


sulfur amino acids in animal as well as in 
plant proteins (Nutrition Reviews 1, 369 
(1943); 5, 112, 202 (1947)), the essential 
nature of methionine and the convertibility 
of its sulfur into cystine sulfur (Jbid. 3, 182 
(1945)), and the participation of methionine 
in transmethylation (Jbid. 5, 131 (1947)) 
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have made plausible the reported corre- 
lations between the ingestion of diets rich 
in methionine and cystine and such diverse 
phenomena as improved rates of growth 
(Ibid. 3, 182 (1945)), accelerated healing 
of damaged tissues (Jbid. 3, 223 (1945)), 
more efficient detoxifications (Jbid. 1, 88 
(1943); 2, 180, 292 (1944); 8, 325 (1945)), 
and decreased evidences of hepatic degener- 
ation (Ibid. 4, 6, 180, 187 (1946)). Whether 
the importance of methionine and of cystine 
in these relationships has been overestimated 
remains to be determined. 

There is general agreement on the ob- 
servation originally made by T. B. Osborne 
and L. B. Mendel (J. Biol. Chem. 20, 351 
(1915)), that the biologic value of some 
proteins may be increased markedly by a 
supplement of cystine. This means that 
more efficient use can be made of the other 
amino acids in a sulfur-low protein if cystine 
or methionine are administered (Nutrition 
Reviews 2, 224 (1944)). Another example 
of this effect is found in a report on the 
supplementary relation between proteins 
of pork and of egg (R. Hoagland, N. R. 
Ellis, O. G. Hankins, and G. G. Snider, 
J. Nutrition 34, 43 (1947)). In these ex- 
periments biologic activity was measured 
by determinations of the gain in weight of 
young rats per gram of ingested dietary 
nitrogen. Growth and food consumption 
on diets containing egg protein, which is 
rich in sulfur amino acids, were used as 
standards. The biologic value of dry-cured, 
cured, and fresh ham was less than that of 
spray-dried eggs and of hard-boiled whole 
egg and egg white, fed at a 10 per cent pro- 
tein level. The proteins of pork plus ‘sup- 
plements of methionine or of cystine equaled 
the egg protein. Similar supplementation 
of egg protein resulted in slight improve- 
ment only. In general, mixtures of equal 
parts of pork and of egg proteins showed 
the same biologic value as egg alone. It 
is a fair conclusion that the sulfur amino 
acids are the constituents which limit the 
usefulness of pork protein for the growth 


of rats when incorporated into diets so as 
to supply a 10 per cent level of protein. 
Presumably, proteins of egg or of other 
foodstuffs influence the value of pork pro- 
tein for growth in proportion to their con- 
tent of methionine and cystine, although 
certain proteins may vary in this respect 
(Nutrition Reviews 5, 144 (1947)). The 
extent to which these two amino acids may 
replace each other as dietary supplements 
to sulfur-poor proteins varies with species, 
with the availability of dietary labile methyl, 
and with the actual levels of methionine 
and cystine in the protein used. Evidently, 
a considerable portion of the total sulfur 
requirement may be provided as cystine, 
although cystine cannot entirely replace 
methionine (Jbid. 3, 182 (1945)). 

Another aspect of the supplementary 
action of sulfur amino acids deals with the 
tissue-sparing effect of methionine. Pre- 
vious investigations had demonstrated that 
methionine increases the retention of nitro- 
gen in dogs fed low protein diets (L. L. 
Miller, J. Biol. Chem. 152, 603 (1944)) and 
it was hoped that a similar effect might be 
demonstrated in man. In such a case, the 
value of methionine supplements in emer- 
gency and survival rations is obvious. Re- 
cent reports have confirmed the tissue-sparing 
action of methionine in rats and in dogs but 
not in infants or in men. 

Methionine is superior to all other in- 
dispensable amino acids in its ability to 
decrease the loss of tissue protein in adult 
rats fed low protein diets (M. Brush, W. 
Willman, and P. P. Swanson, J. Nutrition 
33, 389 (1947)). Isoleucine and arginine 
exhibit a similar but less marked effect in 
decreasing the loss in body weight and in 
minimizing the negative nitrogen balance 
which resulted from the low protein diet. 
Phenylalanine and tryptophane did not 
show this activity and the remainder yielded 
intermediate results. Loss of tissue protein 
in these animals was not associated with a 
change in the proportion of methionine in 
the carcass, nor was there any change in 
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the methionine content of body proteins 
following administration of this amino acid. 
Brush et al. concluded that methionine 
served as a catalytic agent governing certain 
essential processes and that it is more im- 
portant in the synthesis of indispensable 
metabolites or of functional proteins than 
it is in the maintenance of the structural 
tissues of the body. They estimated the 
daily requirement of methionine in the adult 
rat to be as low as 11 mg. 

The influence of methionine on the nitro- 
gen balance of fasting and protein fed dogs 
has been studied by J. B. Allison, J. A. 
Anderson, and R. D. Seeley (J. Nutrition 
33, 361 (1947)). Measurements of the 
nitrogen balance index, the rate of change 
of nitrogen balance with respect to nitrogen 
intake (Nutrition Reviews 4, 29 (1946)), 
showed that methionine significantly in- 
creased the tissue-sparing effect of dietary 
casein and egg white. Of importance is the 
observation that the influence of the me- 
thionine supplement continued for several 
days after its administration was discon- 
tinued. A maximum effect was obtained 
with 0.025 g. of methionine nitrogen per 
gram of casein nitrogen. The sparing of 
tissue nitrogen was greater with methionine 
and casein than with methionine and egg 
albumin but the latter protein was more 
effective than unsupplemented casein. The 
decrease in the excretion of urinary nitrogen 
resulting from the administration of me- 
thionine was due to a smaller output of 
urea but not of ammonia, creatinine, or 
creatine. 

In contrast to these results in rats and in 
dogs, methionine did not show a tissue- 
sparing effect in human subjects maintained 
in nitrogen equilibrium on 12 g. of dietary 
nitrogen or in negative nitrogen balance on 
2 g. of dietary nitrogen (R. M. Johnson, 
H. J. Deuel, M. G. Morehouse, and J. W. 
Mehl, J. Nutrition 33, 371 (1947)). The 
nitrogen and sulfur of the methionine sup- 
plement appeared in the urine and no evi- 
dence of utilization of the intact amino acid 
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molecule was obtained. Inasmuch as added 
methionine did not reduce the nitrogen 
excretion on the low protein diet, it was 
concluded that no more methionine is re- 
quired by normal adult men than that 
represented by the entire sulfur excretion 
found in the control experiments, or 1.4 g. 
of methionine daily. 

Results in agreement with those cited 
above have also been obtained by W. M. 
Cox et al. (J. Nutrition 33, 4387 (1947)). 
Methionine and, to a lesser extent, cystine 
increased the biologic value of casein hy- 
drolysate as measured by the rate of growth 
of young rats. In dogs, depleted of protein 
stores, the addition of methionine increased 
the nitrogen retention occurring after the 
intravenous administration of hydrolysate. 
Supplementation with the other nine es- 
sential amino acids, used singly, yielded 
negative results. On the other hand, no 
evidence of a beneficial effect of methionine 
on nitrogen retention was found in well 
nourished infants, in adult surgical patients 
maintained on low protein diets, or in normal 
adults in nitrogen equilibrium or in negative 
nitrogen balance. Casein hydrolysate pre- 
pared by digestion by trypsin was used 
as the dietary protein in each of the ex- 
periments. 

It seems unlikely that extra methionine 
would show a nitrogen-sparing effect in 
the presence of an adequate supply of this 
amino acid from an unsupplemented source 
of dietary nitrogen. For this reason, the 
negative results on well nourished infants 
and men are not surprising. However, 
under the conditions of these studies, clear- 
cut ¢vidence is provided that the breakdown 
of body protein resulting on low protein 
diets yields a mixture of nitrogenous inter- 
mediates for which methionine has sup- 
plementary action in the rat and dog but 
not in man. Whether this species variation 
is to be ascribed to differences in the amino 
acid composition of the catabolized body 
protein or to differences in the utilization 
of the breakdown products is not known. 
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Cox et al. suggest that the demand for sulfur 
amino acids is relatively greater in the rat 
and dog than in man because the former 
require more cystine for formation of the 
proteins of hair. The explanation may be 
as obvious as this or it may be that a suitable 
procedure for the demonstration of a tissue- 
sparing action of methionine in man has 
not yet been found. There is no certainty 
that the men, dogs, and rats used in these 
studies were in comparable nutritional 
states with respect to nutrients other than 
protein and amino acids. It is possible, 
for instance, that the men in negative nitro- 
gen balance were also deficient in labile 


methyl and that supplementary methionine 
was immediately used as a source of methyl 
and not used as methionine. Methionine 
is required for the maintenance of nitrogen 
balance in man (Nutrition Reviews 3, 182 
(1945)). Cox et al. properly emphasize 
the necessity of caution in the application 
to human nutrition of results obtained on 
other species. However, it is questionable 
whether the present evidence warrants their 
conclusion that there is no difference in the 
nutritive value of casein and lactalbumin 
for man based on a difference in the sulfur- 
containing amino acid content of these 
proteins. 


BLOOD AMINO ACIDS IN SURGICAL PATIENTS 


The gross abnormalities in protein me- 
tabolism which follow trauma and surgical 
operations have been studied intensively 
in the last few years (Nutrition Reviews 3, 
86, 253 (1945); 6, 29, 46, 165 (1947)). The 
most constant abnormality has been the oc- 
currence of negative nitrogen balance due to 
excessively large urinary nitrogen excretion. 
To elucidate this phenomenon further, E. B. 
Man, P. G. Bettcher, C. M. Cameron, and 
J. P. Peters (J. Clin. Invest. 25, 701 (1946)) 
measured the plasma alpha-amino nitrogen 
of 40 patients on the day after operation and 
on subsequent days during convalescence. 
Control determinations before the operation 
were made on 30 of the patients. As an 
additional study the serum lipids of 9 of the 
patients were measured on the morning of 
operation and on two succeeding mornings in 
an effort to detect liver abnormalities. 
However, all the serum lipid fractions fell 
together rather than changing dispropor- 
tionately as would be expected in liver dis- 
ease. 

Most of the operative procedures were 
elective with roughly two thirds of the pa- 
tients in good physical status and the other 
third in varying states of poor nutrition 
because of the primary disease. The pre- 


operative plasma alpha-amino nitrogen con- 
centration was generally below 4 mg. per 100 
ml. in those with poor physical condition 
before the operation, and above 4 mg. in 
those considered in good physical status. 

The plasma alpha-amino nitrogen twenty- 
four hours postoperatively was below the 
control value in all but 4 patients and the fall 
was roughly proportional to the severity of 
the operative procedure, although when 
the control value was low (as in those with 
poor physical state) the drop was smaller. 
During recovery the plasma alpha-amino 
nitrogen rose, although not always to the pre- 
operative level. The rate of recovery also 
appeared to be related to the severity of the 
operative procedure. That is, there was a 
slower recovery in the patients who had had 
the more severe operations. 

In interpreting their results the authors 
suggest that the low plasma amino nitrogen 
following operation in these patients may 
have been the result of excessive deaminiza- 
tion and urea formation in the period of pro- 
tein catabolism following trauma; however, 
there was no correlation between the state of 
nitrogen balance and the plasma amino 
nitrogen concentration. 
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The changes in plasma alpha-amino nitro- 
gen reported by the authors are not great, so 
that a statistical analysis of the results would 
have increased their significance. The 
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trends appear to be clear, however, and the 
results open new possibilities for further in- 
vestigation of the metabolic abnormalities 
following trauma. 


APPRAISAL OF NUTRITIONAL STATUS 


The rapid and accurate assessment of the 
nutritional state of an individual has always 
been a difficult problem, which, because of 
its immediate practical importance, has at- 
tracted considerable attention. One of the 
most widely used of the rapid procedures has 
been measurement of the urinary excretion 
of a particular nutrient. 

G. H. Berryman and C. R. Henderson 
(Am. J. Physiol. 149, 142 (1947)) have con- 
tributed interesting data on the significance 
of urinary excretion tests. The experiments 
were carried out with 7 volunteer patients 
over a period of fifty weeks. After twelve 
weeks on a normal dietary regimen, 5 of 
these individuals consumed for the ensuing 
thirty-five weeks a diet containing levels of 
B-complex vitamins ranging from one-third 
to one-sixth those found in the normal diet, 
and containing a level of protein (mostly of 
plant origin) only about one-half (40 g.) that 
found in the normal diet. Two of the con- 
trol patients received dietary supplements 
in the form of tablets and capsules in 
amounts which brought the total intake of 
these nutrients up to, or slightly above, that 
of the control period. At intervals during 
the ensuing thirty-five weeks the 5 experi- 
mental subjects received additively the sup- 
plements received by the controls. Placebos 
identical in appearance to the supplements 
were given to those individuals who did not 
receive supplementation. 

The physical symptoms, work output, and 
psychomotor performance of these patients 
have been described previously (Nutrition 
Reviews 5, 299 (1947)). In the present 


study, urinary excretion levels of the various 
vitamins were followed and the changes 
which occurred in work output (bicycle ergo- 
meter) and psychomotor performance (pur- 


suit meter) were compared with them. For 
eight weeks following introduction of the 
deficient experimental diet nc change in work 
performance occurred. This result was in 
contrast to that obtained from measurement 
of urinary excretion of the vitamins (excre- 
tion of thiamine, riboflavin, niacin, N’- 
methylnicotinamide, and the “lesser B-vita- 
mins” was measured), which dropped within 
less than one week to low levels and remained 
there throughout the period of the deficient 
diet. Following the eight week period a 
gradual decline in work performance became 
evident. After supplementation with the 
missing factors there occurred a steady rise 
in excretion levels. At numerous points, 
however, when excretion levels of the vita- 
mins approached or exceeded those found 
originally on the normal diet, work or psy- 
chomotor performance had not improved to 
the score levels originally found to be within 
the subject’s capacity, although such scores 
eventually were achieved on the supple 
mented diet. Thus, both in the production 
of a deficient state, and in its cure, there was 
no necessary correlation between urinary 
excretion of the vitamins and physical and 
psychomotor performance tests. 

The authors point out that such lack of 
correlation may mean only that the bio- 
chemical findings are a more sensitive mea- 
sure of nutritional state than physical or psy- 
chomotor performance tests, since the 
changes with the latter tests were in each 
case similar to, but much slower than, those 
found by measurements of the excretion 
levels. The observations do emphasize the 
error in attributing any great significance tc 
single biochemical determinations of such 
excretion levels. 

In a further study with rats G. H. Berry- 
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man and co-workers (Am. J. Physiol. 149, 
254 (1947)) investigated the relative merits 
of determining the “load test response” and 
the fasting excretion levels of the vitamins as 
measures of a thiamine or riboflavin defi- 
ciency. The general plan of the experiments 
was to feed to each of several groups of adult 
rats a level of thiamine (or riboflavin) that 
would result in the depletion of that vitamin 
from the tissues, and to correlate the result- 
ing urinary and load excretions with the rate 
of decrease of thiamine (or riboflavin) con- 
centration in liver, kidney, and heart. In 
general, a group of 4 rats was taken at each 
of the progressive stages of depletion, and 
after fasting excretion levels were deter- 
mined, 2 of the animals were used on the 
following day for the determination of load 
test response, and the remaining 2 killed for 
tissue analyses. This group of determina- 
tions was made weekly for twenty weeks 
with thiamine, and for seven weeks with 
riboflavin. Fasting excretion levels were 
determined on sixteen hour samples of urine; 
load test response on similar samples col- 
lected following administration of the test 
dose of 200 micrograms of thiamine or 400 
micrograms of riboflavin. 

When the intake of thiamine was shifted 
from the original control intake of 1 mg. per 
100 g. of moist diet to an experimental intake 
of 1 microgram, there was the expected 
prompt and immediate drop in both fasting 
and load excretion levels by the end of ten 
days, and a further drop in twenty days. 
These changes were accompanied by similar, 
but somewhat slower, decreases in the 
amounts of thiamine found in liver, heart, 
and kidney. The intake of thiamine was 
then increased to 5 micrograms (for fifteen 
days), then to 25 micrograms (for fifty days), 
then to 50 micrograms (for fifteen days) with 
a terminal period of forty days at 15 micro- 
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grams per 100 g. of diet. With the initial 
intake of 5 micrograms, tissue levels of thia- 
mine remained low, and there was little 
change in either fasting excretion or load 
test response. Load test response and fast- 
ing excretion were also similar and somewhat 
higher at the 25 microgram level, and a slight 
gain in tissue content of the vitamin 
occurred, but not to normal levels. At the 
50 microgram intake, tissue levels of the 
vitamin returned to normal levels. There 
was a corresponding marked increase in load 
test response which far exceeded that found 
to occur at the lower supplementation levels. 
During this process of repletion of the tissue 
stores of vitamin, however, fasting urinary 
excretion did not show any great increase. 
When the intake of thiamine was subse- 
quently decreased to the 15 microgram level, 
the change in fasting excretion was rather 
slight in comparison with the definite drop 
in load test response and tissue content. In 
several similar experiments with various 
levels of thiamine and riboflavin it was found 
that the rate of decrease (or increase) in 
tissue levels of these vitamins was more ac- 
curately reflected by the changes in load test 
response than by fasting urinary excretion 
levels. 

On the basis of these experiments, the 
authors picture the following sequence of 
steps in the development of a gross de- 
ficiency state: (a) decreased dietary intake 
or increased metabolic requirements, re- 
flected in an almost immediate decrease in 
fasting urinary excretion levels; (b) a gradual 
but definite decrease in the vitamin content 
of essential organs, reflected by decreases 
in the load test response; and (c) ultimate 
microscopic and macroscopic pathology re- 
sulting in impaired physical and psycho- 
motor performance, and the manifestation of 
clinical deficiency signs and symptoms. 


THE METABOLIC FUNCTION OF PANTOTHENIC ACID 


Of the known water soluble vitamins, 
thiamine, riboflavin, pyridoxine, and niacin 


have been shown to exert their physiologic 
action in the form of phosphorylated de- 
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rivatives which combine with _ specific 
proteins to effect the catalysis of certain 
known reactions of intermediary metabo- 
lism. Largely as a result of the brilliant 
work of F. Lipmann and his collaborators 
we may now add pantothenic acid to the 
list of vitamins which have been shown to 
function in this manner. 

The earliest clues to the metabolic role 
of pantothenic acid came from studies of 
the oxygen consumption of pantothenic 
acid deficient cells. S. Berkman, A. Dorf- 
man, and 8. A. Koser (J. Bact. 43, 6 (1942); 
J. Biol. Chem. 144, 393 (1942)), found that 
Proteus morganii grown on a medium de- 
ficient in pantothenic acid showed a de- 
creased ability to oxidize pyruvic acid or 
lactic acid. Addition of traces of panto- 
thenic acid to the medium caused a marked 
increase in lactate and pyruvate oxidation 
which was not attributable to an increase 
in cell number, and it was concluded on 
the basis of this and other evidence that 
pantothenic acid might be directly concerned 
in the oxidation of pyruvic to acetic acid. 
F. J. Pilgrim, A. E. Axelrod, and C. A: 
Elvehjem (Ibid. 145, 237 (1942); Nutrition 
Reviews 2, 21 (1944)) were then able to 
show that the rate of oxidation of pyruvic 
acid by homogenized liver from rats de- 
ficient in pantothenic acid (or in biotin) was 
extremely low. The addition of pantothenic 
acid in this case, however, failed to increase 
the oxidation rate. In the light of our 
present knowledge this can be understood, 
since pantothenic acid as such is not the 
active coenzyme, and its conversion to the 
active form did not occur in the cell-free 
liver preparations, while this conversion 
could still take place in the intact cells of 
Proteus morganii. 

The oxidation of pyruvic acid to acetic 
acid had already been studied by F. Lipmann 
(Advances in Enzymology 6, 231 (1946)) 
using a purified enzyme system from L. del- 
briickii. He had found that the oxidation 
proceeded in two steps as follows: 

(1) Pyruvie acid + phosphate + oxygen 
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— acetylphosphate + carbon dioxide 
+ hydrogen peroxide 
(2) Acetylphosphate + adenylic acid 
— acetic acid + adenosinetriphos- 
phate (ATP) 
He was also able to demonstrate the re- 
versal of reaction (2) with this enzyme 
system, i.e., a formation of acetylphosphate 
from ATP and acetate. Lipmann pointed 
out that acetylphosphate might be regarded 
as either a phosphorylating or an acetylating 
agent and suggested that it might be con- 
cerned in biologie acetylation. 

D. Nachmansohn and collaborators then 
made the important discovery that an 
enzyme system was present in cell-free ex- 
tracts of brain which could bring about the 
formation of acetylcholine under anaerobic 
conditions when acetate, choline, and ATP 
were added (D. Nachmansohn and A. L. 
Machado, J. Neurophysiol. 6, 397 (1948); 
D. Nachmansohn and H. M. John, J. Biol. 
Chem. 158, 157 (1945)). An analogous 
enzyme system for the acetylation of sul- 
fanilamide was subsequently found by F. 
Lipmann (Federation Proceedings 4, 97 (1945)) 
in pigeon liver extracts. The liver enzyme 
lost its activity on autolysis or dialysis but 
could be reactivated by addition of a co- 
enzyme present in boiled juices from various 
tissues. F. Lipmann and N. O. Kaplan 
(Ibid. 5, 145 (1946); J. Biol. Chem. 162, 
743 (1946)) succeeded in purifying the 
coenzyme from pork liver to a considerable 
extent (some one hundred fold) and demon- 
strated that the same coenzyme which was 
required for the acetylation of sulfanilamide 
by the liver enzyme, also functioned in the 
acetylation of choline by the brain enzyme, 
and appeared to be identical with the acti- 
vator of choline acetylation described by 
other workers (D. Nachmansohn and M. 
Berman, /bid. 165, 551 (1946); W. Feldberg 
and T. Mann, J. Physiol. 104, 411 (1946); 
M. A. Lipton, Federation Proceedings 6, 145 
(1946)). 

After the coenzyme had been purified 
some seven hundred fold by Lipmann’s 
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group (F. Lipmann et al., J. Biol. Chem. 
167, 869 (1947)) it was assayed for all of 
the known vitamins with negative results, 
until it was fortunately noted that small 
amounts of pantothenic acid could be de- 
tected when the coenzyme was digested 
with papain-clarase mixtures for periods 
longer than are ordinarily used in the rou- 
tine assay of tissues for pantothenic acid. 
Acid hydrolysis of the coenzyme and sub- 
sequent analysis for beta-alanine indicated 
that the coenzyme contained 10 per cent 
pantothenic acid. Whereas only 0.15 per 
cent pantothenic acid could be released by 
clarase-papain treatment, the combined 
action of alkaline phosphatase and an 
enzyme from liver released as much as 9.3 
per cent pantothenic acid in a form which 
could be determined by microbiologic assay. 
That pantothenic acid was actually an 
essential component of the coenzyme was 
clearly demonstrated by a comparison of 
the pantothenic acid content and coenzyme 
activity of a series of coenzyme preparations 
of varying potency. A constant ratio of 
about 0.7 microgram of pantothenic acid 
per unit of coenzyme activity was found. 

Further information on the chemistry 
and distribution of the coenzyme for 
acetylation was announced at the meeting 
of the American Society of Biological Chem- 
ists held in Chicago (F. Lipmann, N. O. 
Kaplan, and G. D. Novelli, Federation 
Proceedings 6, 272 (1947)). The best prep- 
aration of the coenzyme contained 11 per 
cent pantothenic acid, 9 per cent phosphorus, 
18 per cent adenine, 22 per cent pentose, 
and some cystine. The adenine content, 
however, did not parallel the coenzyme 
activity as closely as did the pantothenic 
acid content. It appears from this analysis 
that the pantothenic acid coenzyme may 


prove to have a polynucleotide structure 
somewhat analogous to that encountered 
in the flavin-adenine and _ nicotinamide- 
adenine dinucleotides. The coenzyme was 
shown to be ubiquitously distributed in 
animal and plant cells and in microorgan- 
isms, and unpublished data presented by 
Lipmann showed that essentially all of the 
pantothenic acid in tissues is present in the 
form of the coenzyme. 

Recent evidence presented by N. O. 
Kaplan and F. Lipmann (Federaticn Pro- 
ceedings 6, 266 (1947)) makes it appear 
likely that the coenzyme is concerned in 
the reaction of ATP with acetate, leading 
to the formation of an activated (presum- 
ably phosphorylated) form of acetate which 
can then acetylate choline, sulfanilamide, 
etc. The failure of added acetylphosphate 
to function as an acetylating agent remains 
to be explained. 

In view of the universal presence of the 
coenzyme in cells, it seems unlikely that 
its function is limited to acetylation proc- 
esses. It should be kept in mind that the 
condensation of acetate with sulfanilamide 
represents the synthesis of a peptide bond, 
while the condensation of acetate with 
choline represents the synthesis of an ester 
linkage. It may, therefore, be not un- 
reasonable to suggest that the pantothenic 
acid-containing coenzyme may be found 
to participate generally in protein and fat 
synthesis and other processes requiring the 
activation (phosphorylation?) of a carboxyl 
group as a preliminary to condensation. 
The role of the pantothenic coenzyme in 
the oxidation of pyruvic acid, cited above, 
is not completely clear. Here it may func- 
tion in the metabolism of the active C, 
fragment from pyruvate, as suggested by 
Kaplan and Lipmann. 


MECHANISM OF FATTY ACID CATABOLISM 


Knoop’s original theory of beta-oxidation 
of fatty acids, which involved the formation 


of but a single molecule of acetoacetate 
from one fatty acid molecule, lost favor with 


mber | 
xide | 
acid 
yhos- 

» re- 
hate 
nted 
rded 
ating 
con- 
then | 
an 
ex- | 
t the | 
robic 
ATP 
L. 
943) ; 
Biol. 
gous 
sul- 
yy F. 
945)) 
zyme 
s but 
a 
rious 
aplan 

162, 
+ the 
rable | 
h was 
amide 
in the 
zyme, 
acti- 
by 
d M. 
dberg | 
; 
5, 146 
1ann’s 


334 


accumulating evidence that a molecule of 
fatty acid might actually yield several 
molecules of ketone bodies (see Nutrition 
Reviews 4, 23 (1946)). As a result, the 
beta-oxidation-condensation hypothesis of 
E. M. MacKay (J. Clin. Endocrinology 3, 
101 (1943)) gained favor since by subsequent 
condensation of the split 2-carbon units, 
the requisite yield of ketone bodies could 
be accounted for. This theory has been 
strongly supported by the isotope experi- 
ments of S. Weinhouse, G. Medes, and N. F. 
Floyd (J. Biol. Chem. 155, 143 (1944)). 
In these experiments octanoate with car- 
boxyl labeled carbon was incubated with 
rat liver slices, and the isolated acetoacetate 
was found to contain isotopic carbon equally 
distributed between carbonyl and carboxyl 
carbons. This it seems could only have 
arisen from release of 2-carbon residues 
with condensation to form acetoacetate. 
These experiments principally exclude re- 
lease of 4-carbon units, but do not purport 
to indicate the details of the mechanism 
involved in the final production of aceto- 
acetate. 

In so far as the extrahepatic tissues are 
concerned, there is little evidence to con- 
traindicate the simple  beta-oxidation- 
condensation theory. The heart homo- 
genate preparations of A. L. Lehninger (./. 
Biol. Chem. 165, 131 (1946)) oxidize fatty 
acids readily and acetoacetate is rapidly 
metabolized by condensation with oxal- 
acetate to form members of the tricarbox- 
ylic acid series. The latter reaction was 
demonstrated by H. Wieland and C. Rosen- 
thal (Justus Liebig’s Ann. d. Chemie 654, 
241 (1943)), further studied and named the 
“citrogenase”’ reaction by F. L. Breusch 
(Science 97, 490 (1943); Enzymologia 11, 
169 (1944)) and F. L. Breusch and H. Keskin 
(Ibid. 11, 243 (1944)), and completely 
substantiated in the tracer experiments of 
J. M. Buchanan, W. Sakami, 8. Gurin, and 
D. W. Wilson (J. Biol. Chem. 157, 747 
(1945)). The original concept of Breusch 
(loc. cit.) poses a somewhat different picture 
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of the mechanism details, but is open to 
some criticism. According to Breusch the 
higher beta-keto acids may also condense 
with oxalacetic acid with the liberation of 
lower homologues of the fatty acids but 
with the 2-carbon units being incorporated 
at this stage with tricarboxylic acid me- 
tabolism. Such a mechanism would pro- 
vide only a single molecule of acetoacetate 
per molecule of fatty acid. From the 
experimental viewpoint, the relatively low 
citrate production from higher beta-keto 
acids in contrast to acetoacetate, may have 
been due to almost certain contamination 
of the higher beta-keto acids with aceto- 
acetate because of the method of prepa- 
ration. 

In the liver, certainly an important organ 
in the metabolism of fatty acids, mechanisms 
other than the simple condensation of 2- 
carbon residues to form acetoacetate are 
indicated by recent work. A. L. Lehninger 
(J. Biol. Chem. 164, 291 (1946)) noted that 
acetoacetate was not readily converted to 
citrate, yet the yield of acetoacetate from 
fatty acid was significantly decreased by 
oxalacetate. This indicates that some 
precursor of acetoacetate, possibly a 2-car- 
bon fragment, is the actual intermediate 
for condensation with oxalacetate. This 
agrees with Breusch’s finding that the 
“citrogenase” activity of liver is low. 
Furthermore, the oxidation of lower homo- 
logues of the fatty acids was slower than 
that of the higher ones, indicating that the 
lower homologues are probably not inter- 
mediates in the oxidation. The simplest 
picture of the beta-oxidation-recondensation 
hypothesis calls for formation of the lower 
fatty acids during the oxidation of higher 
homologues. 

In searching for alternatives to the beta- 
oxidation-condensation theory apparently 
proved by the experiments of Weinhouse 
and co-workers (loc. cit.), J. M. Buchanan, 
W. Sakami, and 8. Gurin (J. Biol. Chem. 
169, 411 (1947)) tested the possibility that 
carboxyl labeled octanoate might be split 
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into two acetoacetate molecules, which by 
further splitting and recondensation would 
produce the same end result indicated by 
the experiments of Weinhouse et al. (loc. 
cit.). There was evidence that such a 
splitting of acetoacetate occurred. The 
same workers noted however, in a repetition 
of the experiments of Weinhouse and co- 
workers but differing only in the presence 
of acetoacetate during octanoate incubation, 
that the distribution of labeled carbon was 
not always equal between the carbonyl and 
carboxyl carbons of the isolated aceto- 
acetate. Because of the excess labeled 
carbon found in the carboxyl group of 
acetoacetate, it was calculated that some 
20 per cent of the fatty acid might be me- 
tabolized by a method which liberates 4- 
carbon units directly. A 4-carbon split 
should be more likely from a chemical 
viewpoint after multiple alternate oxidation 
of the fatty acid molecule. 

In connection with the latter possibility, 
W. C. Stadie (Physiol. Rev. 25, 395 (1945)) 
previously suggested a modified beta- 
oxidation-condensation theory in which the 
oxidation is postulated to occur nearly 
simultaneously at alternate carbon atoms 
with complete disruption into 2-carbon 
fragments which reassemble into ketones. 
Complete disruption of such an oxidized 
fatty acid would account for the general 
failure to detect intermediates of fatty acid 
oxidation; a stepwise splitting would result 
in beta-keto acids as intermediates. Close 
to this hypothesis is the older one of M. 
Jowett and J. H. Quastel (Biochem. J. 29, 
2159 (1935)) in which alternating beta- 
oxidation was postulated, but followed by 
splitting into acetoacetate residues. 

Rather strong support of a multiple 
alternate oxidation has been provided by 
the experiments of F. L. Breusch and E. 
Ulusoy (Arch. Biochem. 14, 183 (1947)). 
These investigators found that the multiple 
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oxidized fatty acid, beta, A diketohexanoic 
acid (as the lactone), is rapidly oxidized 
(300 to 600 mg. per hour per 100 g. of wet 
tissue) by a minced liver preparation. ‘Lhis 
rapid oxidation makes it seem probable 
that such a compound, which could result 
from a multiple alternate oxidation, is an 
intermediate of fatty acid oxidation in 
liver. As to the mechanism of splitting 
this compound it was reasoned that a cleav- 
age of 4 carbons would yield acetoacetate 
and an acetate molecule, whereas the split- 
ting into 2-carbon fragments with recon- 
densation would yield only acetoacetate. 
No acetic acid was found and about 1.3 
molecules of acetoacetate were formed from 
1 molecule of the lactone. In the reviewer’s 
opinion this finding does not distinguish 
between the two mechanisms since the 
2-carbon units which would be liberated 
during a direct release of acetoacetate should 
according to present knowledge condense 
to form more acetoacetate. In contrast 
to the rapid oxidation of the beta, A lactone 
by liver, other tissues did not metabolize 
the compound nor did the lactone enter into 
the “‘citrogenase’”’ reaction. 

These experiments demonstrate a further 
difference between the fatty acid metabolism 
of liver and extrahepatic tissues. The liver 
is eminently capable of fatty acid oxidation 
with formation of ketone bodies, the latter 
not being readily metabolized. Other 
tissues, at least heart and kidney (A. L. 
Lehninger, J. Biol. Chem. 165, 13/ (1946)), 
may be able to oxidize fatty acids, but are 
particularly active in the oxidation of aceto- 
acetate. The mechanism of fatty acid 
oxidation in these tissues may also be differ- 
ent, in that the liver oxidation may involve 
multiple alternate oxidation rather than 
simple beta-oxidation, although the 
quantitative significance of the newly 
demonstrated pathway is not yet known. 
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DISSOLUTION OF TOOTH SUBSTANCE 


Various investigations have been made 
on the effect on rats’ and dogs’ teeth of the 
regular consumption, in complete replace- 
ment of drinking water, of representative 
“soft drinks,” certain fruit juices, or of 
dilute solutions of hydrochloric, lactic, and 
phosphoric acids (Nutrition Reviews 4, 17 
(1946)). The pH of these fluids varied 
from 1.5 to 3.5. At the end of periods of 
from forty-two to eighty-five days, the 
animals were killed and the teeth examined. 
All of the acid solutions were destructive 
to tooth enamel and dentin. The weights 
of the lower molars of rats were reduced in 
some instances as much as 35 or 40 per cent. 
In one study with rats, the addition of 
sucrose to phosphoric acid solutions resulted 
in a greater dissolution of tooth substance 
than with the phosphoric acid solutions 
alone. In another investigation the ad- 
dition of fluorides to a phosphoric acid so- 
lution resulted in a reduced destruction of 
tooth substance. Obviously the fact that 
the acid beverage was the only fluid availa- 
ble to the animals presents a considerably 
different situation from the occasional use 
of such beverages by man. 

E. C. Stafne and 8. A. Lovestedt (Proc. 
Staff Meetings Mayo Clinic 22, 81 (1947)) 
reported on 50 patients who showed evidence 
of dissolution of dental structure and who 
were using lemon juice as a therapeutic 
measure. It was postulated that the dis- 
solution of dental structure in these patients 
was related to the consumption of lemons. 
The patients consisted mainly of persons 
who sucked lemons or took lemon juice in 
water as an intended therapeutic measure. 
Use of lemon juice was most common among 
persons who were suffering from rheumatism 
and it was occasionally used for treatment 
of constipation, to prevent and relieve colds, 
as a tonic, and as part of a reducing diet. 
Most patients were said to be aware of 
the high ascorbic acid content of lemons 
and to desire an adequate intake of that 


nutrient. Thirty-nine of the patients were 
women and 11 were men, and they came 
from twenty-two states, two Canadian 
provinces, Mexico, and Puerto Rico. In 
almost all cases the dental examination was 
incidental to the general physical exami- 
nation; in a few the presence of dental de- 
fects was the major complaint. In teeth 
where loss of structure appeared to be caused 
by acid solutions, Stafne and Lovestedt 
described the following as of common oc- 
currence: (1) the teeth affected may be 
hypersensitive to thermal changes and 
hygroscopic substances, (2) stain and stain 
lines may be absent, giving the impression 
that measures of dental prophylaxis have 
been used recently, (3) defects in enamel 
produced by acid solutions usually have 
rounded margins while defects produced 
by mechanical wear have sharp margins, 
and (4) fillings on the affected surfaces 
project above the surface of the teeth. 
There was no correlation between the degree 
of decalcification noted and the duration 
of lemon juice therapy, which it was postu- 
lated might be due to variations in the 
quantity and buffer capacity of the saliva 
in different individuals. 

Like many other dental problems little 
is known of the causes and prevention of 
the numerous syndromes classified roughly 
as dental erosion. T. J. Hill (“A Textbook 
of Oral Pathology,” Lea & Febiger, Phila- 
delphia (1945)) defined dental erosion as 
“a chemical disintegration of the teeth by 
a corrosive action of their environment and 
is marked by the formation of characteristic 
defects in the enamel and dentin. It is 
distinguished from dental caries which is a 
localized chemico-infective process.” ‘True 
erosion is characterized by the formation 
of defects in the teeth which cannot be 
attributed to mechanical attrition.’”’ The 


etiology of dental erosions has been vari- 
ously attributed to excessive eating of acid 
foods, acid secretions of salivary and gingival 
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glands, industrial exposure to acid fumes 
and sugar dust, iron medication, neurotic 
conditions, therapeutic hydrochloric acid 
ingestion, and chronic nausea. 

Many investigators will probably feel 
that the report of Stafne and Lovestedt was 
presented in too little detail for a subject 
with as definite nutritional implications. 
Since dental erosions of all types are of 
fairly common occurrence, the reader would 
expect to find even in this preliminary re- 
port, an indication of from how many cases 
of dental erosion these 50 patients were se- 
lected. The report implies but does not 
state that the 50 patients discussed were 
the only ones with dental erosion of any 
kind seen by the writers. However, it is 
most unlikely that this could be the situ- 
ation since the manifestations of dental 
erosion in the usual distribution of the 
syndrome are not. all on the labial surface 


of the anterior teeth as they were in the © 


50 cases reviewed. 

Probably the greatest deficiency in the 
report was the lack of any data regarding 
the amounts of lemon juice consumed by 
the patients and the relation of these 
amounts to the amount of lemon juice and 
other citrus fruit juices which would supply 
a reasonable portion of the daily ascorbic 
acid requirement for these patients. These 
data would be of great value to nutrition 
workers in a report of this kind to determine 
whether these 50 cases, widely distributed 
in their habitat, had consumed lemon juice 
in amounts in excess of a wise therapeutic 
level. If the amounts consumed were 
approximately the quantity needed to 
supply the daily requirement of ascorbic 
acid, then the widespread publicity which 
this report has received might be merited. 
However, if the amounts of lemon juice 
consumed by the patients were very high 
then the incomplete data in the report may 
have led to a serious misinformation of the 
public with respect to the value of lemon 
juice in the diet. 

Since the secretion of saliva is stimulated 
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by the ingestion of acid materials and since 
the saliva is highly buffered, the consump- 
tion of lemon juice by the average individual 
results in a secretion of large quantities of 
saliva which would buffer large amounts of 
the acids of the lemon juice. It is not 
known at present what amount of lemon 
j.1ice would overcome the buffering capacity 
of the saliva nor how much this value might 
vary between individuals. As seen from 
studies with experimental animals, there 
are amounts of acid beverages which exceed 
the buffering ability of the animal’s saliva. 
The question of how much is necessary to 
exceed the physiologic range in man cannot 
be answered from the report of Stafne and 
Lovestedt. 

On reading the above report one cannot 
help wondering what other hypotheses of 
the etiology of dental erosion were tested by 
these investigators in their interviews with 
these 50 patients. The fact that the sex 
ratio of the dental dissolution syndrome 
was 4:1 in favor of women would seem to 
indicate a need to explore those channels 
of possible dental erosion causation which 
could be related to sex. If other hypotheses 
were tested in addition to the lemon juice 
consumption, and found negative, the pres- 
entation of such data along with the current 
report would have appreciably strengthened 
the data. If such hypotheses were not 
tested, the validity of the data is open to 
serious question especially in view of the 
great lack of knowledge of the causes of 
dental erosion and the still greater de- 
ficiency in the knowledge of ways and means 
to prevent dental erosion. 

The seriousness of the syndrome described 
by Stafne and Lovestedt in its extreme 
forms is not questioned. It seems neces- 
sary to draw attention to the various items 
mentioned above which, if they had been 
investigated by the authors and presented 
in their report, would have made available 
to the scientific world significant data as to 
quantities of lemon juice which cannot be 
exceeded safely. 
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THE DIGESTIBILITY OF SOYBEAN PROTEIN 


Factors influencing the nutritive value 
of soybean protein have been discussed 
previously (Nutrition Reviews 3, 238 (1945); 
4, 104 (1946); 5, 351 (1947)), wherein it was 
pointed out that mild heating destroys a 
trypsin inhibitor normally present in soy- 
beans, and further that this treatment is 
paralleled by increased availability of the 
sulfur amino acids, cystine and methionine. 
Recent papers have yielded additional 
information on the digestion of soybean 
protein, as well as on the nature of the 
trypsin inhibitor. 

R. J. Evans (Arch. Biochem. 11, 15 (1946)) 
studied in vitro digestion of soybean oil 
meal with pepsin, trypsin, and erepsin in 
various combinations. Using the liberation 
of amino groups as a criterion, he found 
that the beneficial effect of heat treatment 
could be duplicated by employing a pre- 
liminary pepsin digestion; subsequent 
liberation of amino groups by trypsin and 
erepsin proceeded from 13 per cent to a 
maximum of 35 per cent, compared with 
37 per cent when autoclaving replaced the 
pepsin digestion. J. McGinnis and V. H. 
Menzies (Poultry Sci. 25, 538 (1946)) found 
papain digestion of soybean meal to be as 
effective as autoclaving for chicks. 

R. J. Evans, J. McGinnis, and J. L. St. 
John (J. Nutrition 33, 661 (1947)) have 
also made a comparison of in vitro enzyme 
digestion with digestibility in the chick. 
The quantities of protein, sulfur, cystine, 
and methionine in the undigested protein 
fraction were measured with (1) the chick, 
(2) in vitro pepsin, trypsin, and erepsin, or 
(3) in vitro trypsin and erepsin. Like 
previous investigators, they found that the 
greatest benefit from heat treatment was 
provided by autoclaving at 110°C. for about 
thirty minutes; higher temperatures (130°C.) 
resulted in lower digestibility. After the 
two heat treatments the approximate values 
for digestibility of protein were 90 and 80 
per cent; organic sulfur, 70 and 60 per cent; 


cystine, 65 and 50 per cent; and methionine, 
90 and 75 per cent. Pepsin produced a 
preliminary breakdown which equaled or 
slightly exceeded that provided by auto- 
claving, but analysis of undigested protein 
and cystine indicated that the type of di- 
gestion carried on by the chick was more 
like that produced by trypsin and erepsin. 
Highly significant correlations were ob- 
tained between these, whereas the pepsin- 
trypsin-erepsin treatment did not correlate 
well with chick digestion. 

The use of pepsin with heat-treated 
samples was not particularly beneficial. 
The residues of undigested cystine and 
methionine sulfur were actually larger after 
heat treatment when the pepsin-trypsin- 
erepsin combination was employed, and it 
would seem from these authors’ results that 
the chief beneficial effect of pepsin was to 
inactivate or destroy the trypsin inhibitor. 
This is perhaps not surprising, for the chick 
probably employs very little gastric di- 
gestion, in contrast to the rat, for which 
L. M. Johnson, H. T. Parsons, and H. 
Steenbock (J. Nutrition 18, 423 (1939)) 
found no differences in digestibility of 
sulfur compounds in raw and cooked soy- 
bean meals. 

The supposition that the action of pepsin 
may be primarily to digest the trypsin 
inhibitor seems to be borne out in a series 
of papers by M. Kunitz dealing with the 
isolation and study of the properties of the 
inhibitor (Science 101, 668 (1945); J. Gen. 
Physiol. 29, 149 (1946); 30, 291 (1947)). 
This author was able to isolate about 1 g. 
of a crystalline protein from 1000 g. of 
soybean meal, following a series of extrac- 
tions with acid, adsorption and elution 
with acid clay, dialysis and crystallization 
from water at pH 5.0. The inhibitor was 
found to be a globulin, with a molecular 
weight of 24,000 and an isoelectric point of 
4.5. 

The inhibitor was active only in the 
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native state; denaturation by heat, acid, 
or alkali resulted in a loss in inhibiting 
power. The protein was attacked by pepsin 
(30 per cent destruction in two hours) 
although the action of pepsin was much more 
pronounced when the soy inhibitor was 
denatured. Trypsin and chymotrypsin 
were also observed to attack the inhibitor 
when the latter was in the denatured state. 
However, denaturation of the inhibitor was 
reversed easily in slightly alkaline solutions, 
so that trypsin and chymotrypsin digestion 
was often inhibited to some extent. Heat- 
ing with tenth-normal sodium hydroxide 
was necessary to denature the inhibitor 
sufficiently to permit small amounts of 
trypsin to digest it. 

The inactivation of trypsin by the soybean 
inhibitor was due to an almost instantaneous 
reaction between the two substances, in 
stoichiometric proportions, resembling the 
ordinary acid-base neutralization. It was 
independent of pH over a wide range, and 
could not be reversed either by dilution or 
by changing the pH. Chymotrypsin was 
also inhibited, but the data indicated that 
a very loose, reversible linkage was formed 
here. 

Further work by M. Kunitz (J. Gen. 
Physiol. 30, 311 (1947)) has resulted in the 
isolation of a crystalline protein compound 
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of trypsin and soy inhibitor. It contained 
about equal amounts of the latter two pro- 
teins, and could be denatured either by 
heating to 60°C. or by placing in tenth- 
normal sodium hydroxide for five minutes 
at 36°C. The compound was inert with 
respect to trypsin or soy inhibitor activity, 
but denaturation under selected conditions 
could produce the activity of either com- 
pound. Thus, heating at pH 3 produced 
trypsin activity, whereas alkaline de- 
naturation yielded the inhibitor selectively. 
These peculiar imbalances were due to the 
difference in the rate of reversal of de- 
naturation of trypsin and the inhibitor. 
It was concluded that the reaction between 
the two proteins consisted chiefly in neu- 
tralization of free amino groups of trypsin 
by free carboxyl groups of the inhibitor. 

These studies are valuable in that they 
provide further chemical explanation of a 
behavior of soybean protein which has been 
recognized for some years. Moreover, the 
results obtained point the direction for 
future experiments. For example, it would 
be desirable to find new methods of inacti- 
vating the soy inhibitor, for the use of 
much heat seems always to be accompanied 
by decreased availability of cystine and 
methionine, as well as digestible protein, 
in chick diets. 


PLASMA ASCORBIC ACID AND TISSUE SATURATION 


A single plasma ascorbic acid value no 
doubt reflects both the tissue storage and 
the recent intake of the vitamin. Fol- 
lowing a long period of deficiency, such a 
value will hardly reflect the intake of the 
previous day, and conversely, following a 
period of sufficiency, the withdrawal of 
ascorbic acid from the diet cannot be ex- 
pected to result in immediate profound 
changes in the plasma level. Ascorbic acid 
saturation tests (see Nutrition Reviews 1, 
286 (1943)) are designed to measure more 
accurately the tissue storage, while plasma 


levels, assuming that the subjects have been 
on a more or less constant intake of ascorbic 
acid are expected to reflect dietary intake. 
The latter is the prevailing situation in 
dietary survey work. 

M. L. Dodds and F. L. MacLeod (Science 
106, 67 (1947)) compiled rather extensive 
data indicating the accuracy with which 
plasma levels may reflect dietary intake of 
ascorbic acid. Forty-one young women 
were placed on consecutive levels of 25, 50, 
75, and 100 mg. of ascorbic acid daily in 
addition to the 7 mg. received in the basal 
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diet. A seven to ten day adjustment period 
was allowed on each level, and the plasma 
values recorded are two day and six day 
averages after the adjustment period. 
There was an evident correlation between 
intake levels and plasma values; thus at 
32 mg. intake the plasma value was 0.48 mg. 
per 100 ml. (standard deviation -+0.137, 
range 0.34 to 0.62), at 57 mg. intake it was 
0.72 mg. per 100 ml. (standard deviation 
+0.210, range 0.51 to 0.93), at 82 mg. intake 
it was 0.93 mg. per 100 ml. (standard devi- 
ation +0.196, range 0.74 to 1.13), and at 
107 mg. intake, the plasma value was 1.05 
(standard deviation -+0.170, range 0.88 
to 1.22). 

There was considerable overlapping of 
the ranges of plasma ascorbic acid, particu- 
larly at the higher intakes, and the authors 
conclude that the vitamin intake must not 
be too narrowly defined from plasma value 
results. The subjects varied in weight from 
44 to 76 kg., and it seems possible that dos- 
age per body weight might have led to even 
closer correlation of intake and plasma 
level. On the other hand, the cause of the 
variation might be due to individual vari- 
ations in physiologic factors such as kidney 
excretion. Certainly the main point is 
clear in the interpretation of results of 
dietary surveys. 

J. E. Haines and co-workers (J. Nu- 
trition 33, 479 (1947)) studied the relation 
of dietary intake to tissue saturation, the 
latter being evaluated by the time required 
for a daily test dose of a large amount of 
ascorbic acid to cause excretion of half 
the quantity ingested. Specifically these 
investigators studied the relation of three 
levels of ascorbic acid intake, 33, 50, and 
70 mg., respectively, for a period of six 
weeks on the fasting plasma ascorbic acid 
levels and on the tissue reserves of ascorbic 
acid. Twelve normal adults, 6 men and 6 
women, acted as subjects, with 4 of them 
serving for two experimental periods each. 
The basal diet, composed of natural food- 
stuffs, provided from 10 to 13 mg. of ascorbic 
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acid daily and was supplemented with 20, 
40, and 60 mg. of synthetic ascorbic acid 
after breakfast. In an additional experi- 
ment a synthetic diet including 50 mg. of 
ascorbic acid was fed to 3 subjects over a 
six week period. To assure saturated 
tissue reserves at the beginning of each 
experiment, each subject was given the 
juice of eight oranges or 400 mg. of ascorbic 
acid daily for three days as a suppi nent to 
their ordinary diet. Fasting plasma ascor- 
bic acid levels were found to be 1.2 mg. per 
cent or more for each subject. At the end 
of each six week experiment, the subjects 
were given 400 mg. of ascorbic acid daily 
until the twenty-four hour excretion of 
ascorbic acid exceeded 50 per cent of the 
test dose. 

The 70 mg. intake of ascorbic acid was 
not sufficient to maintain any of the 5 sub- 
jects in a state of tissue saturation. A 
resaturation period of only two to four days 
was needed however, indicating that little 
of the body reserves was depleted at this 
level of intake. 

Consumption of 33 mg. of ascorbic acid 
daily for a period of six weeks resulted in a 
-decrease in the average fasting plasma 
ascorbic acid level from 0.96 mg. per cent 
to 0.32 mg. per cent without reaching a 
plateau value. Four to five days were 
needed to resaturate the subjects until over 
50 per cent of the test dose was excreted. 

The two experiments at an intermediate 
level of ascorbic acid yielded results halfway 
between the results of the high and low 
intake experiments. No difference was 
observed between the ascorbic acid me- 
tabolism on the ration of natural foods and 
on the synthetic diet. 

Considerable information is now available 
from these and earlier studies on the re- 
lation of dietary intake to plasma levels 
and tissue saturation, and this is valuable 
in nutrition survey studies. The principal 
gap remains in relating these data to the 
health of the individual. 
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EFFECT OF SYNTHETIC PTEROYLGLUTAMIC ACID (FOLIC ACID) ON THE 
BLOOD CHANGES INDUCED BY GASTRECTOMY IN THE RAT 


Total removal of the stomach from rats 
has been reported by R. A. Bussabarger 
and F. T. Jung (Am. J. Physiol. 117, 59 
(1936)), by A. C. Ivy (Am. J. Digest. Dis. 
7, 500 (1940)), and others to induce changes 
of body weight and severe hematologic 
changes including marked reduction in the 
size of the red cells. Large amounts of 
ferric ammonium citrate do not alter the 
weight curve but do improve the blood 
picture strikingly. A complete return to 
normal! levels is difficult to attain with iron 
alone although administration of a con- 
centrate of a liver protein with iron has been 
reported to correct the hematologic dys- 
crasia. In view of the demonstrated 
influence of pteroylglutamic acid on the 
hematologic changes in pernicious anemia, 
a condition which is related to a defect in 
gastric secretion, G. M. Higgins, D. J. 
Ingle, and O. R. Joneson (J. Lab. Clin. Med. 
32, 635 (1947)) studied the effect of this 
vitamin on the changes induced in the rat 
by total gastrectomy. 

Sixteen healthy, Sprague-Dawley, adult, 
male rats were gastrectomized. Eight were 
not submitted to operation and served as 
controls. All the animals were provided 
a purified diet as well as a complete vitamin 
mixture, including para-aminobenzoic acid, 
with the exception of pteroylglutamic acid 
and biotin. Samples of blood were ex- 
amined at three weeks, six weeks, three 
months, and five months after operation. 
Only 6 of the gastrectomized rats survived 
the initial five month period and were with- 
out obvious pathologic defects at this time. 
Shortly after five months had elapsed fol- 
lowing removal of the stomach, 200 micro- 
grams of folic acid were given to each control 
rat and test animal by stomach tube. 
Seventy two hours later the blood was 
examined. Two weeks later when the 
effects of this administration were pre- 
sumably gone, the animals were fed the 


purified diet to which folic acid was added 
at a level of 100 micrograms per gram. 
After fourteen days on this dietary regimen 
the blood was again sampled. Following 
this, the purified diet without the folic acid 
supplement was again provided to the 
animals. After an interval of time pre- 
sumed to be sufficient to free the animals 
of the orally administered vitamin, all 
gastrectomized rats were given each day 
for fourteen days 400 micrograms of folic 
acid intraperitoneally. At the end of this 
time the blood was again sampled. 

The food intake of all the animals ap- 
peared to be satisfactory although somewhat 
less was consumed by the gastrectomized 
animals than by their controls. The former 
appeared undernourished, however. Their 
coats were rough and unkempt and all 
showed marked evidence of nutritional 
deficiencies. The operated animals lost 
weight for a brief period and then gained 
slightly for two months after the operation. 
Their weight then fell rapidly, a third of 
the preoperative weight having been lost 
at seven months. 

After five months the red cells of the 
gastrectomized rats were distinctly smaller 
than those of the control animals and while 
the red cell counts were essentially similar, 
hemoglobin was at a lower level in the 
operated animals. A single administration 
of folic acid was without significant effect 
on the total erythrocyte count, the erythro- 
cyte volume, the grams of hemoglobin, 
or the total leucocyte count. Slight ele- 
vation in reticulocyte percentages were 
observed but it is difficult to be certain that 
these were truly significant elevations. 
However, when folic acid was included in 
the diet at a level of 100 micrograms per 
gram, a marked increase was observed in 
the percentage and in the total number of 
immature and mature neutrophilic granulo- 
cytes. It would seem that myeloid stimu- 
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lation occurred and produced an absolute 
increase of total circulating neutrophilic 
granulocytes from an average‘level of 1900 
to 7200 per cubic millimeter of blood. The 
total number of erythrocytes, the volume 
of the red corpuscles, and the hemoglobin 
levels were not changed. Likewise, the 
parenteral administration of folic acid ap- 
peared to be associated with a significant 
increase in the total number of leucocytes. 
The percentages of myelocytes and meta- 
myelocytes both became _ significantly 
higher and the total number of neutrophilic 
granulocytes per cubic millimeter of blood 
increased from the previous level of 1900 
to11,100. It isnoteworthy that the number 
of lymphocytes remained unchanged. The 
parenteral administration of the folie acid 
thus seemed to be more effective than pro- 
viding the factor in the diet. 

These data suggest that part of the nu- 
tritional deficiency associated with the 
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removal of the stomach in the rat can be 
corrected by the administration of folic 
acid. It is of interest that observations 
by other investigators have emphasized 
the fact that the granulocytes in the rat 
are particularly sensitive to the lack of 
pteroylglutamic acid. Spontaneous granu- 
locytopenia has been observed in a small 
percentage of rats feds purified diets which 
could be corrected by folic acid (A. Korn- 
berg, F. 8S. Daft, and W. H. Sebrell, Proc. 
Soc. Exp. Biol. Med. 58, 46 (1945)). Like- 
wise, leukopenia has been induced with 
succinylsulfathiazole in rats and this has 
been corrected by the administration of 
pteroylglutamic acid (F. 8. Daft and W. H. 
Sebrell, Pub. Health Reports 68, 1542 (1943)). 
It is likely that the changes in the red cells 
in the rat which are associated with total 
gastrectomy are related to some deficiency 
other than that of folic acid, perhaps a 
deficiency of iron. 


BRAIN HEMORRHAGE IN INFANT RATS 


Capillary fragility associated with hemor- 
rhage or with serous exudates is not an 
uncommon finding in animals fed deficient 
rations. Increased capillary permeability 
is accepted as one of the principal effects 
of scurvy and numerous attempts have 
been made to prove that a similar result 
follows a deficiency of citrin (Nutrition 
Reviews 1, 52, 214 (1942-1943); 2, 168, 309 
(1944)). A peculiar, unexplained relation- 
ship also exists between capillary perme- 
ability and the relative amounts of alpha- 
tocopherol and highly unsaturated fatty 
acids in the diets (/bid. 1, 381 (1943)). 
Brain hemorrhage in infant rats has been 
ascribed to a deficiency of “vitamin B” 
(C. U. Moore, J. L. Brodie, and R. B. Hope, 
Am. J. Physiol. 82, 350 (1927)) and to a 
deficiency of choline (G. A. Jervis, Proc. 
Soc. Exp. Biol. Med. 61, 193 (1942)). Simi- 
lar pathology has been described by E. E. 
Brown, J. F. Fudge, and L. R. Richardson 


(J. Nutrition 34, 141 (1947)) who observed 
the hemorrhagic state in the young borne 
by female rats reared on a diet lacking lard 
and vitamin K. The presence of either 
substance alone or of both prevented the 
abnormality. The control diet used by 
Brown ef al. consisted of casein, glucose, 
lard, salts, and all of the known vitamins 
except ascorbic and pteroylglutamic acids. 
Growth and reproduction were reasonably 
satisfactory on this ration. Lactation was 
inferior and only one half of the young were 
weaned successfully by female rats that 
were maintained on the diet from the age 
of 28 daysto maturity. The brains of young 
rats in these litters appeared normal. This 
was also the case if either lard or vitamin K 
was omitted from the maternal ration. The 
proportion of young that survived the lac- 
tation period was unaffected by the ab- 
sence of added vitamin K in the diet but 
decreased to one-third if lard was omitted. 
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If both vitamin K and lard were missing 
from the maternal diet there was a further 
drop in the number weaned and hemorrhages 
in the brain occurred. In the first series of 
157 infant rats only 18 were weaned and 
82 of the nonsurvivors showed the hemor- 
rhagic state. Results were less striking in 
a second series in which 10 of 72 rats were 
affected. Hemorrhage was evident by 
direct inspection of the brain at autopsy 
and by microscopic examination of tissue 
sections. Most of the young that showed 


‘the hemorrhagic condition were either born 


dead or died within the first twenty-four 
hours a ter birth. Twelve of the 82 affected 
rats in the first series survived eight to 
twenty-one days. Inasmuch as all 12 were 
from first litters it appeared that the con- 
dition was more acute in the young in 
subse yuent litters. 

Brown et al suggest that lard and vitamin 
K are necessary for the production in the 
body of a substance which prevents the 
breakdown of capillary structures. Inter- 
ference with coagulation was discounted 
as a contributing factor because the blood 
of both mother and infant rats showed 
normal clotting times. However, de- 
terminations of prothrombin levels were 
not reported. Rats do not normally require 
a dietary source of vitamin K except in 
circumstances in which there is interference 
with intestinal synthesis by bacteria due 
to administration of sulfa compounds or 
interference with intestinal absorption due 
to absence of bile (Nutrition Reviews 2, 
221 (1944); 3, 35 (1945); 4, 324 (1946)). 
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The role of lard in these experiments is 
obscure. Assay of the lard for vitamin K 
by the chick procedure showed the presence 
of a little of the vitamin but the amount 
was believed to be too small to be of sig- 
nificance in these experiments. Strangely, 
Brown ef al. make no reference to essential 
unsaturated fatty acids although the lard- 
free diet appeared to lack these dietary 
essentials. Infant rats do not survive if 
the maternal diet is deficient in linoleic acid 
or its equivalent (Nutrition Reviews 5, 171 
(1947)). 

Failure of 50 per cent of the infant rats 
to survive the weaning period emphasizes 
the inadequacy of the control diet for lac- 
tation. Data on the dietary requirements 
for normal lactation in the rat are incomplete 
(Nutrition Reviews 5, 221 (1947)). It is 
not impossible that a relation exists between 
the nonsurvival of unaffected rats and of 
rats with brain hemorrhages. In such a 
case, fat would appear to be more important 
than vitamin K in these experiments be- 
cause two thirds of the young born to 
females on the lard-free diet died before 
the end of the weaning period even though 
brain hemorrhages were not detected. 

This investigation adds an additional 
illustration to the impressive list of ab- 
normalities that appear in newborn animals 
as a result of deficiencies in maternal diets 
(Nutrition Reviews 2, 297 (1944); 3, 111 
(1945); 6, 74, 89 (1947)). The related 
problems of nutrition during fetal life and 
nutrition during the period of lactation 
offer excellent opportunities for productive 
research. 


RIBOFLAVIN-NIACINAMIDE SOLUTIONS FOR THERAPY 


The low solubility of riboflavin in water 
has necessitated preparation of various 
derivatives and solutions which render the 
vitamin more soluble. Two such deriva- 
tives are boric acid esters and succinates. 
Both are lacking in widespread applica- 


bility, however, for the boric acid esters are 
unstable below pH 6.0, and the vitamin is 
itself unstable above pH 7, while the 
succinates decrease in biologic activity as 
the number of solubilizing ester groups is 
increased. 
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Another expedient which has been fol- 
lowed is to dissolve riboflavin in solutions of 
other substances, such as urea, urethane, 
N-methyl acetamide, water soluble salts of 
various benzoic acids, or in nicotinamide or 
nicotinic acid salts. Each of these mate- 
rials acts to increase the solubility of 
riboflavin in water, thereby permitting its 
use in greater concentrations in therapeutic 
doses. The use of nicotinamide might 
seem especially attractive since it would 
often fill a simultaneously prescribed need, 
whereas some of the other solubilizing 
agents (e.g., urethane) might be undesirable 
in high concentrations. 

D. V. Frost (J. Am. Chem. Soc. 69, 1064 
(1947)) made a quantitative study of the 
effect of niacin on riboflavin solubility, and 
has recorded some interesting relationships. 
The solubility of riboflavin in a 5 per cent 
solution of nicotinamide was about nine 
times that in pure water (0.011 per cent). 
The effect of nicotinamide appeared to 
increase relatively with increase in its 
concentration, for the solubility of riboflavin 
(2.5 per cent) in a 50 per cent solution of 
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nicotinamide was twenty-five times that in 
a 5 per cent solution. The solubilizing 
action was felt by the author to be due 
mainly to the pyridine ring, and in part to 
the presence of the amide group. 

The effect of acid was to decrease the 
solubility of riboflavin, although this was 
only displayed below pH 5. The solubility 
curve coincided closely with the titration 
curve of nicotinamide with acid (the amide 
has almost no buffering capacity for hydro- 
chloric acid below pH 5) and it appeared 
that the buffer action was responsible for 
maintaining the high solubility in slightly 
acid solutions. 

Pharmacologic tests of tolerance to nico- 
tinamide-riboflavin mixtures point to a need 
for caution, however. Continued adminis- 
tration of these solutions, usually containing 
20 per cent nicotinamide, produced fatty 
livers in rats. This was believed to be due 
to an increased demand for methyl groups to 
form excretory products from the amide, 
such as trigonelline and N’-methylnicotin- 
amide, with a resulting deficiency of methi- 
onine or other active methyl donors. 


RELATION BETWEEN PROTEIN EFFICIENCY AND GAIN IN WEIGHT 


The term “protein efficiency” was origi- 
nated and defined by T. B. Osborne, L. B. 
Mendel, and FE. L. Ferry (J. Biol. Chem. 37, 
223 (1919)) as the “grams gain per gram of 
protein eaten.” These investigators pro- 
posed this term as a numerical expression 
of the nutritive value of proteins, as demon- 
strated by their growth promoting ability in 
young rats. The two variables, food intake 
and gain in weight, were thus combined into 
a single figure which was believed to be a 
measuring stick of the nutritive value of 
proteins. In the original paper, evidence 
was presented which indicated that varia- 
tions in the level of dietary protein affected 
the value obtained for protein efficiency, 
and it was therefore suggested that the level 
of maximum protein efficiency should be 


determined for each protein if a true com- 
parison of the nutritive value of the proteins 
was to be made. In practice, many authors, 
including the originators, compared protein 
efficiency values obtained at various arbi- 
trary levels of protein. Only recently have 
these relationships been tested systemati- 
cally. 

D. M. Hegsted and J. Worcester (J. 
Nutrition 33, 685 (1947)) determined the 
gain in weight and protein consumption of 
growing rats and from these variables 
calculated the protein efficiency in a series 
of experiments in which the value of the 
proteins in skim milk powder, yeast, corn 
germ, and peanut flour as supplements to 
white flour was being determined. The 
protein in each diet was supplied by appro- 
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priate amounts of white flour and of the 
supplement being tested. The protein of 
the white flour was replaced by the supple- 
mental proteins in amounts varying from 
12.5 to 50 per cent. In all diets the protein 
level was maintained constant at 12 per cent 
(N x 6.25). Adequate supplements of 
the water soluble vitamins and of vitamins 
A and D were incorporated in the rations. 
Groups of 5 or 6 white rats were fed each 
ration ad libitum for a three week experi- 
mental period beginning when the rats 
weighed approximately 45 g. Food con- 
sumption records were made by weighing 
the amount of food offered and the amount 
left and spilled daily. A wide difference 
in the supplemental value of the protein 
supplements was observed. The proteins 
in skim milk powder provided the best 
growth stimulus, and those in peanut meal 
the least, while yeast and corn germ gave 
intermediate values. For example, when 
50 per cent of the protein of this diet was 
supplied by peanut meal and 50 per cent by 
the protein in white flour, no greater growth 
stimulus was observed than when 12.5 per 
cent of the protein in white flour had been 
replaced by a comparable amount of the 
protein in skim milk powder. Despite this 
wide difference in nutritive value of these 
proteins, the protein mixtures in the differ- 
ent diets were classified in the same order 
with respect to each other regardless of 
whether protein efficiency or gain in weight 
was used as the measure of nutritive value. 

In an experiment specifically designed to 
test whether the calculated variable, protein 
efficiency, had any advantage over gain in 
weight, Hegsted and Worcester tested the 
nutritive value of ten protein mixtures made 
of varying amounts of casein and wheat 
gluten. In this way the ten mixtures varied 
from very low nutritive value when the 
protein was composed of only wheat gluten, 
to high nutritive value when the mixture 
consisted mainly of casein with little wheat 
gluten. The same procedure was followed 
as in the previous experiment with all the 


mixtures being incorporated at 12 per cent 
levels in the respective rations. Again the 
nutritive value of these proteins was classi- 
fied in the same relative position by either 
gain in weight or protein efficiency. The 
coefficient of correlation between protein 
efficiency and gain in weight in each of these 
experiments was +0.984. 

The same exacting statistical methods 
were applied by Hegsted and Worcester to 
data published independently by other 
laboratories as one means of testing whether 
the high correlation between gain in weight 
and protein efficiency might be found under 
other experimental conditions. D. B. Jones 
and J. P. Divine (J. Nutrition 28, 41 (1944)) 
compared the nutritive value of sixteen 
protein mixtures when each was fed at a 
level of 9.1 per cent in the diet. In another 
paper from the same laboratory D. B. Jones 
and K. D. Widness (bid. 31, 675 (1946)) 
determined the nutritive value of eight 
proteins at three different levels in the diet, 
10, 15, and 17.5 per cent, respectively. 
In these two studies the correlation co- 
efficient between protein efficiency and gain 
in weight was very high. Additional exam- 
ples of this high correlation coefficient were 
found in the experiments of W. C. Russell, 
M. W. Taylor, T. G. Mehrhof, and R. R. 
Hirsch (Jbid. 32, 313 (1946)) where many 
legumes were compared. The data of C. R. 
Grau (Ibid. 32, 303 (1946)) obtained with 
chicks where gluten, cottonseed, and peanut 
proteins with various amino acid supple- 
ments were tested were of special interest. 
Even in an avian species the same high 
correlation was demonstrated. 

The close correlation between protein 
efficiency and gain in weight thus has been 
shown to occur under diverse experimental 
conditions where numerous proteins, numer- 
ous levels of proteins, different experimental 
periods, different strains of rats, and even 
different species have been employed inde- 
pendently in various laboratories. 

To decide whether gain in weight and 
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protein efficiency could be used interchange- 
ably, Hegsted and Worcester analyzed the 
covariance between gain in weight and 
protein efficiency. The results indicated 
that within the limits of the experiment 
these two variables seemed to be measuring 
the same characteristic and that differences 
in the nutritive value of protein may be 
determined adequately in terms of this 
particular characteristic by the use of gain 
in weight alone. When the same type of 
covariance analysis was applied to gain in 
weight and amount of food eaten, a highly 
significant variance was observed between 
the different proteins. This result means 
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that there is a difference in the growth 
promoting ability of proteins even after 
corrections are made to equalize the food 
intake. 

Since these observations have been dem- 
onstrated to be true in a rather wide sample 
of experiments, the little additional informa- 
tion to be obtained from the determination 
of protein efficiency does not seem to merit 
the additional time necessary for its deter- 
mination. It should be pointed out that 
neither protein efficiency nor gain in weight 
provides a figure which can be accepted as a 
characteristic of a particular protein under 
all circumstances. 


METABOLIC ROLE OF BIOTIN 


It has been known for some time (W. H. 
Summerson, J. M. Lee, and C. W. H. 
Partridge, Science 100, 250 (1944)) that 
biotin is somehow involved in the oxidation 
of pyruvate or lactate in rat liver, and it is 
not surprising that a more definitive role 
has not evolved since pyruvate has several 
metabolic pathways which have been diffi- 
cult to separate for study. From bacteri- 
ologic studies there has also been the 
observation of S. A. Koser, M. H. Wright, 
and A. Dorfman (Proc. Soc. Exp. Biol. Med. 
51, 204 (1942)) that aspartic acid in culture 
mediums spares the need of biotin for 
growth, a conclusion extended by J. L. 
Stokes, A. Larsen, and M. Gunness (J. Biol. 
Chem. 167, 613 (1947)). Of further sig- 
nificance is the observation of C. M. Lyman 
and co-workers (/bid. 167, 177 (1947)) who 
demonstrated the need of carbon dioxide in 
the synthesis of aspartic acid by Lacto- 
bacilli. These results, coupled with the 
now classic observations of Wood and 
Werkman on the carbon dioxide fixation 
reaction (pyruvate + carbon dioxide — 
oxalacetate) and the fact that aspartic 
acid is the transamination product of 
oxalacetic acid, make it probable that 
biotin is concerned with the carbon dioxide 


fixation route of pyruvate metabolism. At 
least this is the general conclusion of two 
reports on the metabolic role of biotin. 

H. A. Lardy, R. L. Potter, and C. A. 
Elvehjem (J. Biol. Chem. 169, 451 (1947)) 
have shown that either oxalacetate or 
aspartate compensates for lack of biotin in 
the growth of Lactobacillus arabinosus 
17-5. Aspartate is somewhat more eff2c- 
tive than oxalacetate, probably due to the 
relative instability of the latter. It there- 
fore seemed probable that biotin was in- 
volved in the synthesis of oxalacetate, and 
to further advance this connection with the 
Wood-Werkman reaction, the effect of car- 
bon dioxide (as bicarbonate) was studied. 
Bicarbonate greatly stimulated growth of 
the organism in the presence of biotin, but 
caused no appreciable growth response in 
biotin deficient mediums. 

Still another line of evidence pointing to 
the same general conclusion was advanced 
by W. Shive and L. L. Rogers (J. Biol. Chem. 
169, 453 (1947)). These investigators stud- 


ied the effect of biotin inhibitors (anti- 
metabolites) and various metabolites on the 
growth of microorganisms. Previous ex- 
periments had led to the general conclusion 
that the addition of the product of an in- 
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hibited reaction should decrease the efficacy 
of an antimetabolite (raise the “bacterial 
index”) or conversely stated, should spare 
the amount of active catalyst needed for a 
given growth rate. For example, 2-oxo-4- 
imidazolidonecaproic acid was an inhibitor 
for biotin synthesis in Escherichia coli but 
addition of alpha-ketoglutarate (and not 
several other compounds) resumed the 
depressed growth caused by this compound. 
It was therefore concluded that alpha- 
ketoglutarate was an immediate product of 
a reaction mediated by biotin. A similar 


conclusion was reached for either oxal- 
acetate or aspartic acid employing L. 
arabinosus as the organism and gamma- 
(3 ,4-ureylenecyclohexy]) butyric acid as the 
biotin antimetabolite and growth inhibitor. 

These results, therefore, further support 
the theory that biotin in some form acts as a 
catalyst in the formation of oxalacetate 
from pyruvate and carbon dioxide. With 
this impetus, a more detailed study of the 
pyruvate carboxylation enzyme system may 
lead to an early isolation of a biotin-contain- 
ing coenzyme. 


PYRIDOXIC ACID IN THE NUTRITION OF THE CHICK 


T. H. Jukes and E. L. R. Stokstad (J. 
Biol. Chem. 168, 563 (1947)) investigated 
the relative activities of “folic acid” (pter- 
oylglutamic acid) and of the “fermentation 
factor” (pteroyltriglutamic acid) in growth 
and hematopoiesis in the chicken. Previ- 
ous work had indicated that with a synthetic 
diet the addition of 0.5 parts of pteroyl- 
glutamic acid per million parts of the diet 
did not markedly affect growth, but that the 
simultaneous addition of either 4-pyridoxic 
acid lactone or 5-pyridoxic acid lactone with 
the pteroylglutamic acid at that level caused 
a marked increase in weight over that of the 
controls and was completely effective in the 
prevention of anemia as measured by the 
hemoglobin level at three weeks (M. L. 
Scott, L. C. Norris, G. F. Heuser, and W. F. 
Bruce, /bid. 158, 291 (1945)). 

On the other hand separate experiments 
have indicated that the chick is able to 
utilize pure pteroylheptaglutamic acid 
(“vitamin Be conjugate’’) as efficiently as 
pteroylglutamic acid (“vitamin Be’’) (J. J. 
Pfiffner et al., Science 102, 228 (1945)) and 
that pteroyltriglutamic is used just as well 
as pteroylglutamic acid for hemoglobin 
formation in chicks on purified diets without 
the addition of pyridoxic acid lactone (B. L. 
Hutchings, J. J. Oleson, and E. L. R. 
Stokstad, J. Biol. Chem. 163, 447 (1946)). 


These studies were made with a basal diet 
differing from that employed by the Cornell 
group, so that a fresh attempt has been 
made to repeat them, using experimental 
conditions more closely resembling those 
employed at Cornell. 

The basal diet used was identical with 
that of Scott, Norris, Heuser, and Bruce 
(loc. cit.) with the single known exception 
that the soybean oil did not contain phos- 
phoric acid as an antioxidant. Day-old 
New Hampshire chicks were placed in 
suitable brooders and fed the experimental 
diets immediately. The diets were mixed 
in small quantities and kept in a refrigerator. 
Supplements per kilogram of ration for 
different experimental groups were as fol- 
lows: none; 0.5 mg. pteroyltriglutamic acid; 
1.0 mg. pteroyltriglutamic acid; 0.5 mg. 
pteroyltriglutamic acid + 1.0 mg. 4- 
pyridoxic acid lactone; 1.0 mg. pteroyl- 
triglutamic acid + 1.0 mg. 4-pyridoxic acid 
lactone; 0.67 mg. pteroylglutamic acid. 

The purity of the pteroyltriglutamic acid 
was tested by measurement in aqueous 
solution of the ultraviolet absorption at 
365 my, and was found to be 95 per cent, 
while the pteroylglutamic acid was found to 
be 90 per cent pure. The various dosing 
materials were dissolved in water and added 
to the basal diet. The weight of the grow- 
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ing chicks was followed at intervals, and 
hemoglobin determinations, red cell counts, 
and hematocrit measurements were made 
with blood from a wing vein. The results 
indicated that pteroyltriglutamic acid ap- 
peared to be fully effective in preventing 
anemia, even when fed at a level of 0.5 mg. 
per kilogram of diet, a level which corre- 
sponded to only 0.32 mg. of pteroylglutamic 
acid. Its effect was not detectably en- 
hanced by the 4-pyridoxic acid. The au- 
thors also reported further experiments 
designed to discover whether the pyridoxic 
acid might possibly cause a more efficient 
utilization of the pteroyltriglutamic acid 
when the latter was dosed at insufficient 
levels, but their results gave no indication 
of any effect even under these conditions. 

The authors were obliged to conclude 
that chickens were found to utilize pteroyl- 
triglutamic and pteroylglutamic acids 
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equally well on a molar basis for growth and 
the prevention of anemia; also the addition 
of 4-pyridoxic acid lactone had no measur- 
able effect on the utilization of pteroyl- 
triglutamic acid under the conditions of the 
experiments. 

These results are at variance with the 
earlier reports that pyridoxic acid is neces- 
sary for growth and hematopoieses in the 
chick. This difference is not resolvable as 
yet. There is a remote possibility that the 
variety of chicks employed may contribute 
to the findings since New Hampshire chicks 
were used by the Pearl River laboratory 
and White Leghorns by the Cornell workers. 
It is clear, however, that added pyridoxic 
acid is not necessary for the chick under all 
experimental conditions which closely ap- 
proximate those used by workers who 
initially described the effect. 


ACTION OF FLUORIDE ON THE TEETH OF RACHITIC RATS 


J. T. Irving (Nature 151, 363 (1948)) 
reported studies in which the injection of 
small quantities of sodium fluoride into 
rats was used to produce a hypercalcified 
line in the dentin of teeth which were 
developing at the time of the injection. 
This line was used as a precise “marker” to 
determine the region of dentin which is 
developing at any time in an experimental 
procedure. Subcutaneous injection of so- 
dium fluoride into the rats maintained on a 
diet with a high calcitum:phosphorus (4:1) 
ratio produced no change in the predentin 
which could be detected by the methods 
used. However, some change must have 
been produced in the predentin because, 
upon calcification into dentin, a fluorine line 
could be distinguished. In rats on a diet 
with a low  calcium:phosphorus ratio 
(0.25:1), the fluorine line is clearly visible 
in the predentin before it calcifies. On 
normal diets the predentin begins to calcify 
within twenty-four hours after formation, 


but in rats on the diet with a low cal- 
cium:phosphorus ratio, the predentin was 
not calcified until fifteen to twenty days 
after it had been formed. Thus on the low 
calcium: phosphorus ratio diet the predentin 
layer becomes abnormally wide. Since the 
composition of the diet, its vitamin D 
content, the absolute amounts of calcium 
and phosphorus in the diet, and the duration 
of the experiments were not given, it is 
impossible for the reader to determine even 
roughly how rachitic the rats were. In 
addition the amount of fluoride is not given. 

The conclusion was drawn that the action 
of fluoride on teeth is partially governed 
by the calcium: phosphorus ratio of the diet, 
and presumably by the mediation of the 
levels of calcium and phosphate in the blood. 
The injection of fluoride invariably caused 
tetany in the rats on low calcium:phos- 
phorus ratio diets, but usually produced no 
such effect in rats on the high calcium: phos- 
phorus diet. 
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These results support the observations of 
M. Lawrenz and H. H. Mitchell (J. Nuéri- 
tion 22, 91 (1941)) who observed that an 
increase in the concentration of dietary 
calcium, with the phosphorus remaining 
constant, produced a heavier dry fat-free 
skeleton with significantly higher percent- 
ages of ash, calcium, and phosphorus. On 
the other hand, the total retention of 
fluoride was depressed by 10 to 13 per cent, 
and the deposition of fluoride in the teeth 
was depressed by a still greater proportion. 
The results also suggested that the protec- 
tive action of calcium against the assimila- 
tion of fluoride may be greater in younger 
than in older rats. Since no protective 
action could be discerned by increasing the 
dietary phosphorus while holding the cal- 
cium constant, the protective effect appears 
to be a function of the calcium level of the 
diet. 

In a later note, J. T. Irving (Nature 158, 
949 (1946)) made further inquiry into the 
hypothesis that the blood calcium level 
exerts some control over the effect upon the 
teeth of an injection of sodium fluoride. 
This supposition was tested in two experi- 
ments. First, the blood calcium of rats on 
the low calcium:phosphorus ratio diet’ was 
increased by vitamin D ingestion and 
second, the blood calcium of rats on the 
high calcium:phosphorus ratio diet was 
decreased by starvation. For the first 
experiment, 4 litters of rats were maintained 
for twenty-eight days on the low cal- 
cium:phosphorus ratio diet (0.25:1), and 
different groups treated as follows: the rats 
in the first group were each dosed with 
27 1. v. of vitamin D orally and two days 
later injected with sodium fluoride, a second 
group received the vitamin D but no fluoride 
injection, and a third group received a fluoride 
injection but no vitamin D. Vitamin D 
dosage to this extent causes a transient rise 
in blood calcium lasting four to six days (J. 
T. Irving, J. Dental Research 22, 447 (1943)). 
No statement was made of the quantity of 
fluoride injected. The rats were killed at 


intervals up to eight days after injection of 
the fluoride. The rats given fluoride alone 
showed the usual fluorine line in the pre- 
dentin, while those given vitamin D showed 
little or nothing at all. Thus, the increase 
in blood calcium level of the rats on low 
calcium: phosphorus ratio diets by vitamin 
D administration protected the teeth against 
the action of fluoride. 

For the second experiment, young rats 
from 3 litters were given the Steenbock and 
Black rachitogenic diet, having a cal- 
cium:phosphorus ratio of 4:1, for twenty- 
eight days. They were then starved for 
one, one and a third, one and three-fourths, 
two, or three days, given an injection of 
sodium fluoride, and returned to the diet; 
later they were killed at intervals for 
examination of the teeth. Starvation causes 
a fall in the blood calcium of rats on diets 
with a high calcium-phosphorus ratio (A. W. 
Cavins, J. Biol. Chem. 59, 287 (1924)). 
Many of the rats had violent tetany after 
the period of starvation, accentuated by 
the injection of fluoride, and 2 died. Of 
the surviving rats, the 4 starved for one day 
showed no changes in their teeth due to the 
injection of fluoride, but all others showed 
the same hypercalcified line in the predentin 
observed after the injection of sodium 
fluoride into rats fed a low calcium: phos- 
phorus ratio diet. Measurements showed 
that the line was laid down at the time of 
injection, and that the average incremental 
rate of predentin formation thereafter was 
6 microns per day. 

Thus when the blood calcium is increased 
while the rat is on a diet with a low cal- 
cium: phosphorus ratio, the action of fluoride 
on the predentin is greatly lessened or 
prevented; when the blood calcium is 
lowered, even when the rat is on a high 
calcium: phosphorus ratio diet, a fluorine 
line is produced. These observations sub- 
stantiate the hypothesis that the blood 
calcium level has some controlling influence 
over the appearance of the hypercalcified 
line in the predentin following the injection 
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of fluoride. It is regrettable that so little 
of the critical data relative to the experi- 
mental procedure was given by Irving. 


ROLE OF NUTRITION 


Variations in the shape of the adult 
female pelvis naturally are of major interest 
to obstetricians. Even in healthy adults 
there exist wide differences in pelvic struc- 
ture. The reasons for the “normal varia- 
tions” have not been clearly established. 

The shape of the pelvic inlet in early 
childhood in both sexes is characteristically 
elongated anteroposteriorly. In adult life 
this form may be encountered, but three 
other types may also be seen. Type I in 
which the anteroposterior and transverse 
diameters of the inlet of the pelvis are 
equal or the transverse diameter is no more 
than 1 cm. longer than the anteroposterior; 
type II in which the transverse diameter is 
more than 1 and less than 3 cm. longer than 
the anteroposterior diameter; and type III 
in which the transverse diameter is 3 cm. or 
more longer than the anteroposterior di- 
ameter. 

The differences between the male and 
female pelvis which are observed in adult 
life are assumed to be the result of changes 
produced by endocrine factors which take 
place at the time of puberty and thereafter. 
While not denying the importance of endo- 
crine factors, H. Thoms (Am. J. Obst. 
Gynec. 54, 62 (1947)) offers evidence in favor 
of the view that nutritional factors are also 
of importance. He points out that ‘normal 
variations” in anteroposterior and trans- 
verse relationships are apparently present 
in both sexes in wide distribution. A case 
of precocious puberty is cited in which 
pubescence occurred in the first year of life 
and menstruation began at 3 years and 7 
months of age. The pelvis was elongated 
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Under these circumstances even though the 
data presented are correct, their usefulness 
to others in the field is greatly reduced. 


IN PELVIC VARIATION 


anteroposteriorly. It is suggested that if 
the oval type of pelvis results chiefly from 
sex hormone influence it would be fair to 
assume that in this case such a pelvis should 
have been present. 

The question is raised whether the oval 
type pelvis may not be the consequence of 
certain deficiencies in nutrition, especially 
during the puberal period when nutritional 
requirements are in more delicate balance 
than at other periods of growth. This is 
the time when storage of calcium is an 
important factor and the requirement for 
vitamin D is great. It is asked whether 
the oval type of pelvis may not be the result 
of calcium imbalance or actually of slight 
rickets. The classic pelvis associated with 
severe types of rickets is of type III, with 
the transverse diameter longer than the 
anteroposterior diameter. It is suggested 
that the so-called ‘normal female pelvis,” 
that is the oval type, of the anatomic and 
obstetric texts may in reality be abnormal. 
The improvements in nutrition and the 
increase in physical activity as well as the 
greater exposure to sunlight which have 
occurred in the last few decades may well 
have resulted in the development of a 
different type of pelvis. E. P. Allen (New 
Zealand Med. J. 43, 116 (1944)) found a low 
incidence of the type III pelvis in New 
Zealand where living conditions are such 
that deficiencies of vitamin D and calcium 
are unlikely to occur. 

These considerations emphasize the need 
for further study of the nutritional require- 
ments of the growing child, particularly 
during the puberal period. 
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NOTES 


Letters to the Editor 


Dear Sir: 

May I correct an error in the review of my 
paper on “Vitamin A, Vital Factor in 
Bobwhite Survival” (Nutrition Reviews 5, 
287 (1947)). The latter part of the second 
sentence should read as follows: 

“and 2500 units for maintenance in 

winter” instead of :— 

“and 8000 units for survival of breeders”’ 

In addition may I point out that a 
deficiency of vitamin A in the diet of the 
breeders affected the survival of their off- 
spring regardless of the vitamin A content 
of the latter’s diet. Also a deficiency in the 
growth diet affected the survival during 
winter regardless of the vitamin A content 
of the maintenance diet, and a deficiency 
in the winter-maintenance diet affected 
subsequent production regardless of the 
level of the vitamin in the breeding diet. 

Another point which might be mentioned 
is that submarginal and marginal intakes of 
vitamin A or its precursor were often suffi- 
cient to prevent death from avitaminosis, 
but lowered the birds’ vitality and alertness, 
affected their eyesight, and in general 
undermined the physical condition, so that 
there was less ability to resist disease, 
adverse weather, or predation. 

Ralph Nestler 

United States Department 
of the Interior 

Laurel, Maryland 


Dear Sir: 

I read with interest the review on ‘“‘Present 
Knowledge of Riboflavin in Nutrition” in 
the August issue of Nutrition REVIEws. 
It contains a misleading sentence dealing 
with the historical background of riboflavin 
which should be corrected. It is erroneous 
to state that “. . . reports of the isolation of 
this material in pure form from natural 
materials and its significance as an essential 


growth factor for laboratory animals and as 
an integral constituent of some oxidation 
enzyme system, were published independ- 
ently by several laboratories.” 

The historical fact is that riboflavin 
(originally named lactoflavin) was isolated 
in pure form and recognized as part of the 
vitamin B»-complex first and alone by R. 
Kuhn, T. Wagner-Jauregg, and myself. 
The other groups mentioned have never 
intimated or studied independently the 
significance of riboflavin as an essential 
growth factor. The crystalline product 
isolated by O. Warburg and W. Christian 
was lumiflavin and not the biologically 
active riboflavin. Further details of the 
historical development, including complete 
bibliography may be found in my review on 
riboflavin (see E. A. Evans, ‘The Biological 
Action of the Vitamins,” p. 54, The Univer- 
sity of Chicago Press, Chicago (1942)). 

Paul Gyérgy 
Department of Pediatrics 
University of Pennsylvania 


Heat Treatment and Biologic 
Value of Soybean Protein 


It is recognized that the biologic protein 
value of several legumes including soybeans 
is increased by heating the raw product 
(Nutrition Reviews 2, 239 (1944)). It is 
not known in the case of soybeans whether 
heat increases the availability of an amino 
acid such as methionine, which has a low 
availability in soybeans and other legumes 
(Ibid. 5, 144 (1947)), or whether some type 
of growth inhibitor in the raw product is 
destroyed by heat. The former possibility 
has some precedent in the observation of 
C. O. Johns and A. J. Finks (J. Biol. Chem. 
41, 379 (1920)) that the more or less isolated 
protein phaseolin, from navy beans, has 
greater nutritive value if cooked, and the 
latter possibility has some basis by analogy 
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with cottonseed which contains the toxic but 
heat-destroyed gossypol. 

8.8. De and J. Ganguly (Nature 159, 341 
(1947)) have concluded that in the case of 
soybeans, heating appears to destroy some 
type of growth inhibitor. Glycinin (the 
principal protein of soybeans) was separated 
from the defatted soybean meal and fed to 
rats at a 10 per cent level parallel to similar 
feedings of protein from raw and autoclaved 
meal. The rats fed raw soy protein gained 
0.78 g. per gram of protein consumed, while 
those which received autoclaved meal and 
purified glycinin gained 1.46 and 1.55 g. 
respectively. A toxic factor must have been 
eliminated during the extraction of glycinin, 
presumably the same which is destroyed by 
heat in the raw soy meal. In further sup- 
port of this thesis was the observation that 
an acid extract of soybean meal retarded the 
growth of rats on a well balanced diet. 

The report is as yet preliminary and does 
not provide the detailed data for adequate 
evaluation of the conclusions. 


Dietary Factors Concerned in Erythropoiesis 


Impossible to review but deserving com- 
ment is an extensive review concerning 
dietary factors involved in erythropoiesis 
by G. E. Cartwright (Blood 2, 111, 256 
(1947)). The literature dealing with the 
various factors which can be regarded as 
concerned in erythropoiesis is thoroughly 
and critically reviewed. The section on 
vitamins covers riboflavin, niacin, pyri- 
doxine, the Lactobacillus casei factors, 
“extrinsic factor,” ascorbic acid, and other 
vitamins. The effects of general protein 
deficiency and the role of the amino acids 
are fully considered, while in the section on 
minerals, iron, copper, and cobalt receive 
chief attention. The bibliography includes 
six hundred and sixty-five references. 

It is pointed out in this review that the 
ultimate goal of one of the phases of re- 
search in hematology is to write the precise 
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chemical reaction step by step for the for- 
mation of the red cell. We are far from 
attaining this goal but a schematic diagram 
is presented which attempts at least to list 
the various factors involved and to indicate 
their possible relationship. Another useful 
table is one which summarizes the hemato- 
logic manifestations of the various known 
deficiency syndromes. In addition to the 
usefulness of the thorough account which 
Cartwright has presented, bringing together 
of such data points out what is lacking in 
our knowledge. 
Florida Nutrition Booklets 

From Florida two interesting booklets 
have appeared. The July 1947 issue of 
FLORIDA HEALTH NOTES published 
by the Florida State Board of Health, 
Jacksonville is entitled ‘‘Nutrition Survey 
Issue.”’ It describes many of the activities 
of the nutrition investigations and services 
of the State Health Department. 

The University of Florida Sloan Project 
in Applied Economics, College of Education, 
Gainesville, Florida has issued a booklet 
entitled “The Story of Johnny and Mary— 
Better Food Makes for Better Living.” 
The booklet was prepared especially for 
school boys and girls from grades 5 through 
9, their parents, and community groups. 
Both of these booklets are well done and 
Florida has made a big step forward in 
public education in nutrition. 


Recent Nutrition Books 


Fatigue and Impairment in Man. 8. How- 
ard Bartley and Eloise Chute. First 
‘Edition. McGraw-Hill Book Company, 
Inc., New York. 1947. Pp. 429. 

Symposium on the Use of Isotopes in Bio- 
logical Research, University of Chicago, 
March 3-4, 1947. Edited by E. A. Evans, 
Jr., for the Committee on Growth, Na- 
tional Research Council. Pp. 32. 
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The: publication of NUTRITION REVIEWS has been undertaken to enable pro- 
fessionally trained people to keep abreast of current progress, and to have available 
an unbiased, authoritative review of the current research literature in the science 
of nutrition. 

The Editorial Staff has been carefully selected so that the publication will merit 
in reasonable degree, the confidence of the medical profession and others who work 
directly with the public in the field of nutrition. The service provided by the 
publication is distinct from that of an abstract journal, a review for laymen, or 
an extensive scientific review. Since the reviews as originally prepared by a member. 
of the Editorial Staff are frequently modified by special referees and may be further 
modified by the Editorial Office in preparing final copy for the press, the Editorial 
Committee feels that it is preferable not to affix the names of Editorial Staff 
members to individual reviews. There is thus a high degree of group ene 
on the part of the Editor and Assistant Editors. 
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